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RECENT BOOKS OF SCIENTIFIC INTEREST 


with comments by the publishers 


Essays on the Art and Principles of Chemistry. 
Henry E. ArmstTronc. $4.50. Maemillan Com 
pany, N. Y. 


These chapters on various aspects of chemical re- 
search deal with the constitution of water, osmosis, 
the corrosion of metals, electrolytic conduction, chem- 
ical change, et< Throughout the book the necessity 
of experimental facts as a background for theory is 
emphasized. 





Radio Theory and Operating. Mary T. Loomis. 
858 pp. $3.50. Loomis Publishing Company, 
Washington, D. C. 


Intended for the radio student and practical oper- 
ator. It covers the subject thoroughly and in an in- 
teresting manner. The book is so written that it 
can be readily comprehended by any beginner of 
average intelligence 


The Philosophy of Athletics. Eutmrr Berry. 
206 pp. $2.00. A. S. Barnes & Company, New 
York. 

A statement of the fundamental principles relating 
to athletics, with particular reference to the bearing 
of the laws of educational psychology on athletics. 
It is a valuable book for athletic coaches and teach- 
ers of physical education. 





Profits, Progress and Prosperity. ArtTHur B. 
ADAMS. 173 pp. $2.00. McGraw-Hill Book Com- 
pany, New York. 

An analysis of the actual operations of the present 
industrial system under different movements of the 
general price level and its consequences. A special 
study is made of the investment of savings 
Old Chemistries. Epcar F. Smirn. 89 pp. Me- 
Graw-Hill Book Company, New York. 


The object of this book is to lay before interested 
readers a hint of the vast stores of early literature 
relating to chemistry Filled with many fascinating, 
old illustrations 


Practical Chemistry. NewTon H. BLack and 
James B. Conant. 497 pp. Macmillan Company, 
New York. 

A revised edition. An elementary text-book which 
arouses the interest of the student by laying stress 


on the chemical experiments that appeal to his curi- 
osity and his sense of the dramatic 





Plant Autographs and Their Revelations. Sm J. 
C. Bosr, F.R.S. 235 pp. $2.50. Macmillan Com- 
pany, New York. 

Describes some recent experiments of the author 
in which plants have written by means of sensitive 
machines their records of movement, perception, and 
the other life processes heretofore associated only 


with animal life. 


The Mentality of Apes. WoLrcang 
342 pp. $4.50. Harcourt Brace and | 
New York. 


The results of the studies made by th« 
the Anthropoid Station in Tenerife from 191 
The book is of particular interest to thos 
in the study of animal psychology 


The Practical Value of Birds. Junius 


SON. 318 pp. $2.50. Maemillan Company 


A summary of the whole North American 
of economic ornithology. The various s) 
birds are listed and a detailed discussio: 


food habits is given. 


Introduction to Sociology. Jerome E. D 
Harry E. Barnes and others. 903 pp. $4.45 
D. C. Heath and Company, N. Y. 


The first sociological text attempting t 
behavioristic study of American society. Sor 
ters: The Genetic Viewpoint in Sociology : T! 
of the Social Heritage; Leadership and Pro; 
Culture Patterns; Crime and the Criminal 


Contemporary Developments in Chemistrn 
$11.00. Columbia University Press, N. Y 


Consists of a series of lectures on chemis 
ered at Columbia University in chemistry ¢ 
ing the summer session of 1926. Twenty-five 


ties in various branches of chemistry are repr 


The Elements of Radio Communication 
Brown. 213 pp. $3.50. Oxford U1 
Press, N. Y. 

Will appeal to those seeking an unders 
the fundamental scientific principles on wi 
is based. Deals with the theory of radio ir 
ner that is complete and with minimu! 
mathematical formulae. 


What is the Atom? E. N. pa C. ANDR 
pp. $1.00. Harper & Brothers, N. Y. 

Combines scholarship and readability i: 
planation of the atomic theory. Contents 
Theory; Size and Number of Atoms; Aton 
tricity; Nature of Light; Structure of th 
How the Atom sends out Radiations; Atoms 
ergy. 


Principles in Organic Chemistry. Da 
WoRRALL. 298 pp. $2.50. Longmans Gr 
Company, N. Y. 


The Springs of Human Action. Men 
THoMSON. 488 pp. $3.00. D. Applet 
Company, N. Y. 

Discusses the motives that lie back of hu: 
duct. Motivation is here established as a « 
new science, to which the author makes contr 
of his own. 
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A PARADISE FOR PLANT LOVERS 
THE BIOLOGICAL STATION AT ALTO DA SERRA, 
| BRAZIL 
ny 
By Dr. ALBERT F. BLAKESLEE 
SI WEGTE INS ar os SHINGTON. DE! ad 
: 
OneE’s early idea of tropical vegetation interesting colk ropical 
% , 8 generally obtained from books. It is assembled, but the need of more moistur 
“ ten with some disappointment, there S Shown by the presence oO \ 
re, that in his travels near the equator faucet at the base of ea paim tre 
ae tourist fails to find the luxuriant Botanical gardens South Am 
he N rrowth of plants of which he has read as elsewher . utdoor museums 
pas The reason the ordinary traveller does plants wit an order] irrangement 
it see the optimum vegetation is largely living specimens and tend to 
hemistry due to the fact that the tourist and busi the exotie or the rar erements 
ess routes in the main avoid loealities native flora The Biological St 
vhere the precipitation of water is Alto da Ser nthe nelghborh I sa 
rive s abundant throughout the vear. Where Paulo, Brazil, seems uniqui 
é r i the temperatures are favorable, as is the only presents well-nig In para 
pres : ease in the lower altitudes in the tropies, uxurlanes 0 rei plant rowt 
n. 0 : the most common limiting factor for brought about by the humid semi-t1 
: = luxuriant plant growth is the supply of ical climate, but, in addition s locate 
vater. on a main line of trave In mat Ces 
- te The influence of moisture on the type it would be almost impossible to pen 
in of vegetation is well shown in islands in trate the dense tangle of growt 
“ e Caribbean where mountains cause series o foot maths e be 
recipitation from the moist trade winds throug m ¢ the interior aeccessib 
nd leave the leeward areas on the sout! but otherwise the plae is not bee 
relatively dry. Thus, Kingston in the ‘‘improved’’ by the hand of man. It 
‘ south of Jamaica has a rainfall ofaround in fact, the ideal ¢ Professor F. ( 
4 twelve inches and shows a dry-climate Hoehne, the director of botanical 
s and | vegetation of cacti and other tropical ties in Sie Paulo, to keep this biolog 
s xerophytie plants, while on the north station a virgin sanctuary for native 
VAY and less populated side of the Blue Moun plants and animals—not a eleared part 
ree! tains a precipitation of as many feet has or botanie garden of rare specimens 
—— been reported and the vegetation is ac- Trees fall and moulder where they li 
— cordingly luxuriant. In the Hope Bo Epiphytes of various species carpet them 


tanie Gardens, in Kingston, Jamaica. an 
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leaving at length ridges of varied ver 
on the forest floor 

It is a matter of surprise that su 
paradise for plant lovers is so 
known, even to professional botan 
[It had not been mentioned by any 
from whom we sought advice regar 


our four months’ botanical trip ar 





South America as a place that oug 


be visited until we were at Sao Pa 





when Professor Hoehne deseribed 
station and suggested our visiting 


next morning Our plans had 


made, however, to leave for Rio on 
morning train and we inquired about 
possibility of going in the afternoon 
he replied, ‘*You had better Sta) 

another day and go in the morning 
cause it will rain this afternoon. 
always does rain at Alto da Serra in 
afternoon, but the mornings are cl 





Sinee it was not convenient to cha 


VIEW LOOKING TOWARD SANTOS our schedule, he offered to join us 
FROM ENTRANCE TO BIOLOGICAL sTATION AT Ato gambling on the afternoon weathe1 
DA SERRA, BRAZIL. EXPOSURE WAS TAKEN IN to make the trip after lunch. 

EARLY AFTERNOON PHoTO BY A, F. BLAKESLEE. Alto da Serra is a railroad st 











THE SAME VIEW AS THAT ABOVE 
BUT EXPOSURE WAS TAKEN IN THE LATE AFTERNOON. IT SHOWS THE CLOUDS ROLLING UP OV} 


THE LANDSCAPE—TYPICAL OF AFTERNOONS AT ALTO DA SERRA. PHOTO By A. F, BLAKESLI 
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ae ee ae 


DO rm al i A 


Vi 


A PARADISE FOR 


" scattering of houses at the summit 


scenic railroad climb from the 

of Santos on the Atlantie to Sao 
, and about an hour’s run from the 
-eity. It has an elevation of about 

94 feet, and the ridge on which it is 


d intercepts the moist breezes trom 
nearby ocean and causes an almost 
precipitation of water in the form 

iin, mist or fog. The 

for the little village give an annual rain- 
fall of 145 inches, with 161 days in the 
Judg- 


official records 


ir in whieh rain was reeorded. 


ng from our experience, it is probable 


that on many of the days on Which no 
precipitation was recorded in the rain 
gauge, the clouds must have hung over 
the ridge in the afternoon and from time 

We 
ere fortunate in our afternoon since it 


actually rained but little, but the fog, 
falling, collected on 


to time enveloped the vegetation. 


when no rain was 
the foliage as well as on our garments. 
The type of vegetation showed that the 
air was almost continuously laden with 
moisture. On our earlier trip up from 
Santos we had remarked on the fact that 


at Alto da Serra, where we changed en- 


gines, was the only group of wooden 
houses we had seen in South America. 
Professor Hoehne told us they were 


made of wood in order to keep the dwell- 
It is the 
with the 


ings drier in the moist climate. 
constant moisture 
subtropical temperatures here 
a few miles south of the tropie of Capri 
corn—that affords optimum conditions 
for plant growth. 

A short stone’s throw from the rail- 
road station at Alto da Serra, a winding 
path leads up into the biological station. 
Fuchsias, begonias and other plants fa- 
miliar to us only in greenhouses bordered 
Tree ferns were common 


combined 
it is only 


the pathway. 
as well as delicate filmy ferns (Hymeno- 
only where 
continuous. 


phyllaceae), which grow 
moisture is abundant and 
We stopped a moment for a view of the 


] dseape looking down toward Santos 





and the ocean. 


PLANT LOVERS ’ 





My * 


od - 


A -* 
e.. . 


PATH IN THE BI 
STATION 


A WINDING FOOT 


LOGICAI 
SHOWING A YOUNG TRI fF 
MOSS-COVERED BAN AT EF "HOTO ie 
BLAKI 


Later in the afternoor 


1 


from the 


on our return, we saw same 
spot the clouds rolling up the slopes lik« 
Paths atter 
who had visited the place intersect the 


These 


foot paths have been well planned to give 


smoke. named biologists 


TIONS 


reservation in various diree 


aecess to the different types of vegetation 
within the station, and their excellent 
condition and easy grade were appr 
ciated by the women of our party 

The station is six kilometers long by 
one and a half wide and includes in its 


wide diversity in 


nine hundred aeres a 
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hundred and fifty orchids; ab 
each ot Melastomaceas and R 
and as many species ot terns 
dozen different palms and a do 
cles of Begonias; and some hund) 
species re presenti g other less e 
families. Not only is the ground e 
with vegetation, but the trunks 
branches of the trees as well. A ti 
pointed out to us on which twent 
ferent spec) s of orehids has bee) 
crowing, as well as an abundar 
other epiphytes 
The orehids were of especial 

to one who was not familiar wit 


outside ot eonservatories (one STM 


so small that the whole plant co 
ineluded in a eirele one centimet 
diameter—half the size of an Am 
nickel. We saw growing on a tru 
moss-like orchid that was twice 1 

but it had such minute flowers t 

were obliged to use our pocket mag 
ing glass to make out its per 


formed floral structures and to s 





ourselves that it was in facet an 


MAXILLARIA PICTA 


We ean confirm the testimony 


A VERY INTERESTING EPIPHYTIC ORCHID FOUND 
BIOLOGICAL STATION. THE FLOWERS. much-travelled Belgian botanist, P: 
S OWARD THE BASE OF THE NARRow LEAves, SOr Jean Massart, who writes 
ARI VHIT! I ( Y SPOTTED WIT! PURPLE. knows of no station in the world s 
Puoro By F. C. HoEHNE. teresting as Alto da Serra. He adds 


; the reserves belonging to the famous 
soil and altitude. In consequence, th : 
tanical Gardens of Buitenzore in J 
flora is extremely varied. Open mead . " 
ae . whieh botanists have generally co) 
ows as well as virgin forests are encoun 5 Mp 
: s : ered to have the most luxuriant tre 

tered within its limits. A wooden build : ye 
vegetation ot The world. nasa less ' 


flora. 


It is not appropriate here to g 


ing affords a dwelling for the earetaker 
as well as a rest room and laboratory for 
visitors. qs . ‘ 

In his beautifully illustrated volume ‘¢talled description of this intensel; 
recently published on the Botanical De 
partment of the Sao Paulo museum, 


tere sting biological] station | 

merely to eall its attention to trav 
. ° 1 ~ + Tins he — con et 

Professor Hoehne has given some sta in South America who are interest: 


tisties regarding the species ot plants plants. It is my suggestion that, W 


which will afford an idea of the richness they are at the famous snake farn 


of the flora. Within the confines of the Butantan in Sao Paulo, they visi 
biological station there have been identi nearby botanical building and make 


; 


fied so far about six hundred species of Yrangements with Professor Hoeln 
trees and shrubs; thirty to forty species With some one of his associates for 
of Bromeliads; more than two hundred in the morning to the biological st 
species of mosses and hepaties; about one at Alto da Serra. 
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A BEAUTIFUL GROUP OF JUSSARA PALMS 
IN THE PLACE WHICH HAS BEEN CALLED ‘‘ PARK OF THE JUSSARAS.’’ PHOTO B 
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A GROUP OF GEONOMA PALMS (G. SCHOTTIANA 
THIS GRACEFUL SPECIES CALLED ‘‘GUARICANGA’’ OR ‘‘UBIM’’ IN PorTt 


GROWTH FORM AND NOT LIKE THE TALL FALMS MORE FAMII O01 
F. C. HOEHNE., 
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A VIEW LOOKING UP THE FOOT PATH ‘‘WASHINGTON 
NAMED AFTER THE PRESENT PRESIDENT OF BRAZIL. THE FOG IS ABOUT TO EN¢ 
PHotTo BY F. C. HOEHNE. 
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“2 


VIEW ALONG THE FOOT PATH ‘‘DR. FREDERICO VON MARTIUS”’ 
THE FOG CAN BE SEEN ROLLING IN TO MI OBSER\ FE. Cc. Ho 
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2 
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TREES ARE SHOWN OVERGROWN BY ORCHIDS AND BROMELIADS 
THE SURFACE OF A TRUNK IS OFTEN COMPLETELY COVERED FROM BOTTOM TO TOP. 
PHoto By F. C. Horne. 
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INTERIOR OF THE VIRGIN FOREST OF THE BIOLOGICAL STATION 


Pnoro by F. C. HOEHNE. 
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- 


'T WITH STEPS IN THE PATHWAY ‘‘WASHINGTON LUIS 


ALONG THIS PATHWAY ONE MAY CLIMB FROM A HEIGHT OF 600 MI R ABO ~ U0 


SEA LEVEL TO AN ELEVATION OF YOO METERS (NEARLY 3,000 PT Puotro spy F. C. Ho 
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A SCENE FRAMED IN TREES 
FROM THE HIGHEST POINT OF THE PATHWAY ‘‘DrR. ADOLPHO LUTZ.’’ PHOTO | 
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THE GROWTH OF EXPERIMENTATION IN THE 
EARLY SCIENCES 


By Dr. EDWARD F. ADOLPH 


method 
inde d, 


In the 


| Ay experimentation IS Tile 
. nee. It was not always SO: 
s been so for but a short s] 
of W hence 
and did it 


in other ages been 


mili 
tory came this 


methods have 


progress. 
what supplant 
Other 
ist as sovereign, and indeed experiment 
s once anything but orthodox. 

At large diffi 
ity in describing just what we 


the outset we meet a 
mean 
vy experiment, and then a larger diffi 
ity in deseribing what our predeces 

To 


IS an @CX 


sors In science meant by experiment. 
some an anatomical dissection 
eriment, in fact, Vesalius is often ealled 
to 


those changes which 


the first of the experimenters; some 
the observation of 
weur as consequences of variations of 
ature constitutes experiment ; to others 
i Measurement obtained by the use of 
omplieated laboratory apparatus is an 
experiment. 


It might satisfy the requirements of 


Sscience’s present status to say that, in 


physical terms, every system is composed 
f and environed by a number of invari- 
able factors and a number of 
factors. Any description 


variabl 
which takes 
nto account one or more variable factors 
Ss an experiment. This would inelude 
of 
ions as well as what nature presents to 


the pathologist. 


the mathematician’s investiga- 


But to Pliny an expe romentum was a 
{ Thus, a test for the 
oxicity of the air in a well was to let a 


+ 
es 


ng-out process. 

dle down into the well and see if its 
out. To the the 
ident period, Hero of Alexandria, tor 


stance, an erperrmentum was a secret 


cht went Roman of 


nature, such as the transmutation of 


metals; or si 


yy nes 1 al 
nature, as tiie ‘ nual overtlow The 
Nile. Later, to Philostratus or exam 
ple, an erperime) mm Was an entert ! 
ment stunt, such as sleight-o d 
performances To William of Auvergen 
an erperimentum was the manipu ! 
of the strange nstruments while the 
court astrologe! ha sometimes the « rt 
jester, exhibited before the king 
Thorndike’ says that: **Throughout the 


period from Galen to Roger Bacon ex 


periment meant only one thing, nan 


the pe rformanece ¢ Was 1 
implication of an attempt to t 
causes, ”’ 

It is necessary, therefore, in order to 
extract information of scientifie signifi 
eanee from eal Vy sources, to disregard 
what Seneca or Pliny called an experi 


ment and to diseove What experiments 


in our sense, were actually performed 
One must not be disappointed to find 
that those who performed these experi 
ments were not proud of them: indeed 
experiments were regarded as sue 
Important products of material manipu 
lation that the reeords made of them 
were fragmentary nd ineidenta 

In past ages the seale of values and 
the intellectual tradition wer ns rp 
contrast to those whic ave produeed 
the present-day universality of exper 
mentation. The contrast shows ! 
thing. how efticient nd effeetive ( ! 
In creative work is the app: rently rm 
less philosop) VW ¢ orms the bae 
eround Animistie theology 

Lynn Thorndike, ‘A Hist eM 
Experiment Ss N \ l \ 
| page >7 
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the earliest 
implied that 


seems to have constituted 


mental content of our race, 


an understanding of nature came by 
revelation. Crud ly put, thre existence 
of immortal entities was the starting 


point from which the forms of earthly 


( xiste nee eould he deduec d The se were 


like the axioms in geometry; granted 


them, the rest was just reasoning and 
contemplation. It was dangerous to 
one’s status in the community to ask 


The 


ful experiment, then, would be 


whenee came the axioms purpose 
a doubt 


of an axiom; it took a heretic to perform 


it; no wonder he did not herald it as the 
introduction of a new method of prog- 
ress, 

Nevertheless, experiments were per 


formed and made use of. In evaluating 
them it is always hard to tell whether 
little 
Thus, the philosopher 
982-489 
diseovering the 
piteh. 


one is reading too much or too 


between the lines. 


Pythagoras is credited with 


numerical relations of 


auditory Gomperz believes that 


in this Pythagoras made the ‘*luckiest 
But in 


} 


hit in the 


the estimate of 


history of selenee.’’ 


Allbutt. 


seems to have initiated his experiments 


‘* Pythagoras 


for the very reason that subjective stand- 
ards were variable and _ fallacious.’’ 
Boethius is the source of the story that 
Pythagoras, listening to the clanging of 
hammers on a smith’s anvil, noticed that 
some combinations of blows made harmo- 
nious sounds, others did not. Pythagoras 
seemed to find, on examining the ham- 
mers, that neither their shape nor the 
foree with which they were struck was 
responsible for the pitch, but only their 
weights. Upon this hint he went home 
and stretched strings of a uniform kind 
to different extents by hanging weights 
on them. The notes emitted by these 
strings when struck were said to bear 
simple relationships to the weights on 
them. But as a matter of fact, neither 
the weights of hammers nor the weights 
Medicine in Rome.’’ 


T. C. Allbutt, ‘* Greek 


London, 1921, page 96 
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or tensions upon strings are prope 


1 
} 


to tne frequencies ot vibration 
thius’ tale would therefore not 
for Pythagoras’ discovery The « 


numerical relat would be 


ONnSHIp 


hs OL strings 


by the relative lenet 
tensions. The st 


under uniform 


musical instruments of Pythagor: 


undoubtedly used this prineipl 


haps Pythagoras had the scientific 
to measure the 
With Socrates and Hippocrates 


the first philosophic demonstration 


OSItV strings. 


some knowledge, at least, was to bu 

rived by induction from facts, 

than by deduction from 

Soerates’ (470-399) material was 

ered chiefly in the field of ethies, ed 

is very difficult to find any ins r twe 

where a decisive experiment (in thi 

ern sense) was performed by him 

in the works of Hippocrates’ 460-37 t or ¢ 
Wa 


schoo] are recorded several expel 


which to the modern ear sound not 


prototypical but intentional. 


Neuburger* describes an_ inst 
where Hippoerates made use of nat Aris 
experimental material. The fat g 0! 
medicine says that in the ease of su cubat 
section of the windpipe produces ; s the \ 
of voice; from this faet it is de é in 
that voice is caused by resonance | at 
air inside the windpipe A more \rist 
eate experimental procedure is giv ns 
proot ot the competence of the s u 
lunar valves. ‘‘If a heart be take: n ul 
of the body, and of the two valves unt 
be supported and the other allow: n 
hang tree from the walls, neither w . 
nor air impinging upon them wil vise 
able to effect an entrance into 7 
heart.’’ : 

In the brief treatise ‘On the He = 
Hippoerates® deseribes a demonst! , 

Max Neuburger, ‘‘History of Med tion 
Translated by Ernest Playfair. Lor 
Vol. I, page 152. 

Hippocrates, ‘* Dx corde. ’’ E 
euravit D. C. G. Kiiln Lipsiae, 1825 





XXI, pagina 485 
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drinking, some of t] Passes A certa 
windpipe, and, as li ought, a physic 
the lungs ‘Tf one administers prehensive 
‘olored with ochre or vermilion to  medicin ’ 
mal almost dyi f thirst, prefer The treat as used as an author 
pig, and while it is drinking one’ text for some centuries, and 
s throat, he will find the windpip« fragments, supposedly 
by the potion.”’ The work ** On notebook of 150 A. D 
art’’ is not considered as genuine’ treatise contained deseri 
those works credited to Hip- actual experiment 
es. Certainly, however, it was influences of 
en in the Coan school, at some time and gains of is b 1e ly, 
re the Roman period. mentioned 
tut Soerates and Hipp erates put no recorded attempt a xact measurement 
eliance upon experimentation; it in physiology, and an early 
not recognized as a method of dis oft the use of lance by 
and their followers almost aban- Cusa and Sa 
it. Plato indeed was interpreted Archimedes 
twenty centuries to hold that experi- pictured as th 
ee was of no valu On the other menter W het] 
nd, Aristotle (384-322) practiced the sider him so depends upon 


tis or 


t of observation and, at least as far as look merely at his resu 
was himself conc rned, laid the look at his thod of worl 

indations of empirical sclence We nas shown that Are medes’ levers pul 
| almost no record of a real experi- leys and water-serews were used by 

ent, however, in the whole of the works Archimedes as oeular demonstrations 


Aristotle. unless it be that the open- his deductions. and not as the starting 


¢ of hen’s eggs on successive days of point for inductions. His so-called ey 


eubation be an experiment, with time periments, those that impressed his eo 
sthe variable. It depends on one’s lati- temporaries, are almost without mention 
tude in using the designation of experi- in his own work. Thus | 
ntation. Thus Allbutt® says that ‘*On Floating Bodies 
Aristotle made occasional experiments; tion of the determinat 
instance, on the alleged immunity gravity of gold in the famous te 
ven by marjoram to tortoises which the crown. Archimedes experiment 
ert thereby enabled to eat snakes with but not inductively 
mpunity.’” In this experiment thi This introduces the generalizat 
I patetie evidently omitted to test con that every selence seems to exhibit 
inimals. It is interesting to note in’ cyele in the methods by which it d 
s connection that the introduction of work. At first there is speculation 


} 


inductive method by Socrates and the second Stage observation al d third] 

ristotle also initiated spt cialization in experimentation These three processe 

elleetual work. For empiricism wasa_ are inductive Onee generalization 
mition of the failure of Thales. ve been reached e selence passes Int 
agoras and others to show the con- he final or deduetin ag Al 


} 


n of their axioms with common 


; 


butt, op. cit., pag l 
Whewell, ‘‘On th 


London. 1860, 
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Kuclid failed to realiz at his axioms 
resulted from this process. Yet in the 
work ot Pythagoras it seems lalr to con 
clude that geometry was In an observa 
tional stage. We might even consider as 
experimental arithmetie the arrange 
ments ot spac d dots whieh thi Pythag 
oreans used 

In other sciences induction has been a 
much more prolonged process; but many 
fields of physical science are now largely 
deductive, while in physiology there is 
yet hardly anything from which to de- 
duce. In eausal morphology and pa 
thology the experimental stage has barely 
begun, while in anthropology observation 
has barely succeeded speculation. 

So at any one time we may find 
sciences in all stages of evolution. Also 
we may judge of the completeness of 
various seiences by tracing the relative 
durations and compl xitles of the vari 
ous stages in their history. And this 
leads to the suggestion that here les a 
value in the history of science which is 
only beginning to be re ecoenized : from 
its study it 1s possible to piece together 
the elements of a science of scienee. 

The biological sciences, as well as the 
physical sciences, relied upon nature’s 
experiments for many centuries. As 
astronomers like Claudius Ptolemy were 
able to induce the principles of light and 
motion from examination of the heavens, 
SO biologists such as »liny and medieal 
men such as Oribasius were able to gen 
eralize and systematize their faets from 
the comparison and the pure observation 
of what they hap pe ned to see Seneea, 
diligently digging in his vineyard, found 
that no rain was ever so heavy as to 
moisten the earth to a depth of more 
than ten feet. That might have been an 
experiment, had he set himself a ques- 
tion before he dug, but actually he drew 
merely upon his general experience when 
he concluded that therefore ‘‘all the 
moisture is consumed in this outer erust 
and descends not to the lower part.”’ 
He laid no building stone for geology, 


after all 


There is some indieation that 


ments were actually performed 

Alexandrian schools of medicin 

need not refer to the oft quoted 

which Erasistratus (350-280) diag 
and the diplomacy by which he s 
a eure for, the lovesickness o 

Ptolemy's son. 

Erasistratus kept some chicke: 
jar, weighing them and their exe) 
intervals. He weighed them afte 
ing, and after digestion was con 
During starvation he found that 
weight was lost by the birds tl 
contained in the exereta. This 
was due to insensible exeretio 
not clear whether this experiment 
related in idea or in act to the 
ment aceredited to Menon 

Krasistratus seems to hav 
stood the valves of the heart, and t 
ce rrectly stated their action | 
experimentation, this bit of phys 
at least involved an amount of 
tional observation worthy of o1 
investigation It often seems as 
that which is an experiment in 01 
is merely a controlled observation 
next: there is a factor of boldness 
is present only the first time. P: 
to Herophilus the greatest exper 
was when he cut into his first 
cadaver. 

In the works of Pliny (23-79 
omnivorous seavenger of facet and 
we find several instances of wel 
nizable experiments. One that 
markably modern is the marking 
ancient ‘‘scientist’’ of a dolphin’s 
in order if possible to determi 
length of life; and in fact Pliny 
that this experiment was com] 
some three hundred vears alter its 
tion by the finding of the dolphin 
other is the sinking of a well, to 
by its complete illumination that t) 
easts no shadow at noon of the su 
so!stice. This procedure strange! 
minds one of the troublesome ey 


mental method by which roast 


said to have been devised A st 
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experiment is the casting of a tereostal muscles 
toa pit of serpents at Rome to set ble for the movements thy Ines He 
as immune to their stings. Pliny discovered that by cut! riou 
redits the physicians ot s day and various parts of 1 : 
great aptitude for experiments, could tell whi erves tiated = thi 
says 1n quite modern vein that the movements Involved | . 
rs learn at our risk and gain ex ereat many trials 
ee through our deaths. matically cul 
is safe to say that Greek and \\ le doing s ( 
R n science was suecessful wherever nite response to the cutting 
ductive method was sufficient. An rent laryng el \\ 
philosophy of inductive science is reconstructed for us just 
ned in the works of the astronome1 ment must ive rroceeded 
( idius Ptolemy. He Says that to was tied on the table wit il 
errors one should re peat accurat thetie, and on V Kept intern 
S rvations at long intervals Further, squealing by thie ira nas 
the observations one must con rhe recurrent laryngeal was cut 
struet the simplest hypothesis consistent a dramatie . ! tiie s 
the facts. This marks a new epoch stopped instant 
objectivity when compared with the It appears that during nul 
d deductive universe of Anaxagoras years Galen earried o1 
with the later use of experiment to s truly great experiments invest 
llustrate the value of reasoning by the distributio1 nerves from thi 
Archimedes. nd spinal cord. He sectioned and 
We now come to Galen 150-200). sectioned the cord at various 
I his works are ecleal deseriptions ol 1 S Way he dademonst! 
veral first-class experiments ; and we nerves arose In the D! ! \t o7 stl ‘ 
re certain that the procedures described Galen devised the method for 
wert actually earried out by im instead tigation of the centr: nervous syste! 
being merely projected, as in the cast whieh has been derived all our det 
many earlier authors, and that they knowledge of localization and pathis 
vere original with him. One of his most single-handed he advaneed neuré 
enificant experiments was the refuta- ology to the place where it stood wm 
tion of Erasistratus’ teael ing that the the work of Magendk na > 
teries contained air. Galen bound at 1510 
h ends the femoral arts ry of a fres ly The presence or Ir il experime! 
ed animal, and showed that its lumen technique in Galen’s work ts illustr 
was filled with blood and had no room bv his improvement of Erasist: 
ror air. alag osis of ve-SICKNeSS A ou VW 
Galen was not the first biologist to b showed no dangerous symptoms, was 
‘alled upon to give public demonstra found to quicken her pulse whe 
ns of experimental phenomena But ne came in trom the theater and s 
was under such encouraging cireum that he had just seen Pylades 


nees that he showed the connection Next day Gale rrangea a Col 
tween the brain, the voice and th Claudius G 

ithing. Galen while still a student istrationibus.’’ 1 

| beeome inte rested, in the sense of a 
dern investigator, in the movements - 
the chest in breathing. He it was who [Laryngeal Nen , 7; ” \ 


st realized that the diaphragm and _ VIII, 176-184 
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having some one come in and deseribe 


how Morphus had danced : the puise did 
not change. On the third day Pylades’ 


name was again mentioned, and again 


the pulse quickened. One gains an im 
pression of Galen as a great poser; on: 
who found his science an undeveloped 
means of making a startling diagnosis or 
an awe-inspiring demonstration 

Among the 
periment previous to Galen, which have 


isolated instances of ex 


been enumerated, it is evident that most 


were purely incidental. But, at least, 
Galen and his predecessors had what 
Pasteur labelled the prepared mind. 


Alchemy presents a long history of hit- 
from which al- 
scientific 


or-miss ‘‘experiments’’ 
nothing of 


Of deliberate ex periments for 


most value was 
derived. 
scientific purposes, the best examples are 
those of Archimedes; but he merely did 
the experiments for the sake of showing 
the correctness of his deductions. The 
deliberate experiment which really bore 
scientific fruit was probably quite with- 
out precedent in any field of knowledge 
when Galen sectioned the spinal cord. 
Thus through several centuries we might 
trace the definiteness in 
experimentation. 

It may be some comfort to those who 
ean still the first heralded 
successes of exact experimental methods 


evolution of 


remember 


in some of the biological sciences, such 
as zoology and botany, to realize that 
biology really commenced to experiment 
before any other seience. 

But the subsequent fate of biological 
experimentation has not been so pictur- 
esque. One finds discussions of experi 
mental method in the compilations and 
commentaries of Galen’s successors from 
Paul of Aegina to Adelard of Bath. 
Experimental method was something to 
be pigeon-holed and labelled, like the 
svllogism in logic. Roger Bacon rele- 
gated experimental science to a separate 


field of knowledge; what we should eall 


applied seience. To him, as to A 
medes, experiment was the resu 
is is evident in th 
put 


for microscopes and art 


deduction. This 
sages where he forward his 
projects 
rainbows, whieh have been inte prete 
represent his actual accomplishment 

Nevertheless, as Allbutt” 


proclaimed, 


has 


‘“*Roger Bacon what 


Aristotle 
casual experiments are but curious 


seareely comprehended 

dents, not indeed in divination of rei 
or primary causes wherein effects a1 
be found, nor again in searehing bi 
phenomena for their essences or fo 
but in detecting 
the 
method the series in which they OCC 


tive substances, 


coneatenating by experim¢ 
Meantime, experiments of a syste! 
very 


These 


character were earried out, 
ably, in the field of opties. 
with the studies of refraction by | 
medes, and the analysis of reflection 
visibility by Ptolemy. This was thi 
field to which the 
contributed — tru 
sented in the 
Alhazen and Algazel. 

With the return of learning to Ew 
the records of expt riments increase 
Gradually the isolated ex) 
the 
have a meaning; 
gradual evolution, 
their character, in the work of Albert 
Cologne, the Holy Roman Em) 
Frederick II, Nicolaus of 
others. Despite the brilliant attempts 
experiment by da V 
Andreas Vesalius, Bernard Palissy 


Arabs seem to 
experiments, r¢ 


Albatee: 


writings of 


number. 


ments of awakening age com 
and one ean trac 


however incide) 


Cusa, 


Leonardo 


Bernardino Telesio, it remained | 
Galileo Galilei and William Ham 
only three hundred years ago, to ¢ 


bine the practice of experimentat 
with the reeognition of experiment 

sovereign method of systematicall 

swering questions. 


12 Allbutt, op. cit., page 501. 
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THE SOLID GROUND OF NATURE 


By Dr. PAUL R. HEYL 


\n ancient Greek legend tells of three 
thers who visited the oracle at De Ipl l 
\ they told. 
ssibly they went into the temple ** for 


went there we are not 


people To day 


"as a party of young 
cht stop in ata gypsy camp On pass 
their told. But 


ere they were, three handsome vouths, 


to have fortunes 


standing in awed silence he fore the 


Pythoness, that mystic priestess, waiting 
her to speak. 


} ; 


The priestess chewed the leaves ot the 


sacred laurel and drank of the water ot 


the underground stream: then seating 


herself upon the tripod she gazed stead 
ly at the youths and said: ‘*To one ot 


shall be 


power and glory.”’ 


given riches and honor, 


you 


The young men looked at each oth a 


the unspoken question in their 


‘Which ?’ 


Cves s 


The Pythoness bent forward on her 
tripod and inhaled the mephitie vapor 
that arose from a fissure in the earth 
The tranee was rapidly coming on her 
nd her utterance became fainter, but 
before losing consciousness she mut 
tered: ‘*‘To him who after his return 


home shall first kiss his mother.”’ 


The young men were very silent on 


their homeward way. As if by tacit 
inderstanding the two older ones fell a 
ttle behind their younger brother. 
the older there 


scarcely a year’s difference, and no per 


Between vouths was 
ceptible physical advantage in either 
They eyed each other furtively for a 
time, and then the older spoke 

“This should lie 


ther nodded slight], ; 


between us.’’ The 


1 Published by permission of the Director of 
he National Bureau of Standards of the U. S 


epartment of Commerce. 


He is not 1 e considered \ 


sil nt nod 


‘Shall we leave it to Dame Fortun 
Shall we draw . \ third 1 
the two wall slienet r some t f 
In the mind « ea was the san 
thought That lortune alled him 
would make a last desperate appe 
Sasnes 

The voungest brother walked on, de 
in thought. Suddenly he raised his 
and quickened S pac Their 
was in sight. His brothers behind 
broke into a ru rhe younger brot 


reached the gate first, but, apparently b 


accident, stumbled and fell The othe 
leaped over him and sped toward 1 
house. But the vounger brother as 
lay prostrate kissed the earth, that gre 
mother of us all 

No race has ever surpassed the Gree] 


SCTING Ol 


in their 


keen oneness wilt 
nature In this legend we see eclearlh 
brought out the idea that he who wis! 
to prosper and go far must recog? 
this close relation and pattern his | 
by it. Such a one will in the long ru 
triumph over foree and fraud 
human scheming and machinatio 


as Wordswort! 


ro t : g 
oO ture trusts t that } 
| am speak ne to selent fie me 
women, and I do not need to point 
how well this line expresses the ment 
attitude of the scientific worker: how 1 


answer of nature to experimental qu 


tion 18 tor all Ot US AS Thi dee sion ot 
ex-cathedra utte1 


All stu 


atever their 


Supreme Court t he 


anee of infallible authority 


dents of nature, wl speci 


field, are agreed in th acceptance < 





this fundamental principle. We 


nature as the solid ground beneat! 


trust 
our teet 


sut while nature is one, and her stu 


dents are at one in their compl te loyalty 
to her, these students group themselves, 


broadly speaking, into two classes: those 


who study only the physieal aspect ot 


astronomers, the geologists, 


nature, the 


the chemists physicists, and 
their 


paleontologists, 


and th 
those who inelude in view the 
phenomena of lite, the 
the biologists. the 


physicians. 


p! \ slologists and 


The division between these 


marked by one of the very few sharp 


lines of demareation to be found In 
the distinction between the ani 


Other 


nature: 


mate and the inanimate. appa 


rently sharp lines there have been in the 


past, notably the distinction between 


inorganie chemical com 


the 


and 
pounds; but 


knowledge these have disappeared, lea 


organie 


with advance of our 


life li ‘ hs +} ] , 
1T¢ ine aS perhaps the omy one 
still be 


+ 


It may be that in 


ing the 


regarded as tenable. 


W hieh ean 


time th 


1 
} 


s too will dis 
appear, but for the present it stands 
unassailable. 

The aspeet which nature presents dif- 
her from one 


fers markedly as we view 


or the other side of this line. To those 
who have eyes only for the inanimate she 
presents a certain definite appearance ; 
to those who study the manifestations of 
life her aspect is quite different ; while 


to the philosopher, whose aim it is to 


view all possible sides of a question, 
nature's aspect is perhaps the most in- 

Let us 
different 
types of 


teresting and instructive of al 
through the 
three 


look at nature 


glasses worn by these 
students. 

As the student of th phy sical side of 
nature goes farther and farther with 
experiment and observation there grows 
within him a deeply rooted feeling of 
which is the all-sufficient 
devotion. Man 


may 


satisfaction 


reward for his may 


trust 


prove false, but to nature he 
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groups is 
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feeling of satisfact 


For This 


contributing 


lor aye. 
several causes may 
assioned. 

The first is the conviction, eonfir: 
Ww experiment, that In the 


Her w 


of working as we uncover them ar 


by every nh 


analysis nature is reasonable. 


to be throughout consistent wit 


laws of thought. She never demands 
11S reas 


subordinat« 


she rather appeals to it True, he | 


a student that lh 


from her to think more accurately 


broadly as he learns to ¢ rasp mor 


] ] 


ner comple xity, and he real 


more oO 
that all that which he 


ever hope to learn is perhaps but an 


has le arned or 


slenifi¢cant tragment of nature’s ¢ 


his feeling of sat 


| 
} 


Tine aeepe ras ne re {] 


plete strueture 


faction becomes 


that whatever may remain unlearn: 
this much has become plain ; that he 
self is a part of nature; that her la 


are his: that in learning the langu 


which nature speaks he is but learni 


his mother tongue, beside which 
Babel of philosophies wl 
man affected in all 
infantile pratt le 


A seeond 


contributes to the sa 


contused 
has aves 1S bu 
quality of nature w 

tisfaction which s 
Nature, fr 


the physical point of view, is our id 


imparts is her perfection. 
of a perfect machine. The revolutio 
the 
standard of time by which the most p 


earth on its axis is our ultimat 
corrected: and 
that 


motion is being very slowly retarded 


clocks must be 


tect 


there are indieaticns even ft 


other furnis 
are able 
AS a pe rfecet straig 


edge nothing of human construction ea) 


standard 
that we 


is from some 


by nature herself 


verify this faet. 


hope to equal the path of a ray of lig 
fire should 
thieves break in and steal all the meter 


Even though destroy « 


bars in existence, this standard of lengt 
could be reproduced from a light wav 
Efforts to seatter or diffraet X rays b 
the most finely ruled gratings that coul 
were failures; when r 


be made only 
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se Was had to the much more hel I Lit . s 
eed structure provided by nature in _ has taken it wit ecu 
stals did this become possible. Na Just \ fficult is this task ca) st 
e is the envy and the despair of the be understood by trying it. Du 
strument make second Jubilee of Qu Vi 
Sir John Herschel speaks of the per Iler Majesty's ships of w : 
tion and uniformity of the atoms, Alexand) staged an impress 
mparing them to manutactured a1 formane Ol cCCas 
Les, True, his concept of the atom ship \ I ! I t suc distance 
is not that which we have to-day, vel shore 1 ta network ¢ pes 
, its essentials his comment still holds ove s - . ae 
yood; and with the complex nature ot 1 lida: te ned the \t 
he atom as we now understand it this signal o vhist 1] s activi | 
formity and perfection are but the watchers « Saw mu 
re remarkabl white 2 er t 
A th rd qual \ s ease ot working down the s »S \ tew ser 
Perhaps this appeals most strongly to eontusioi I quiet na r"¢ 
e mathematician or the astronome1 specks eeased n v tne s s 
By means of the most powerful methods boomed out t val salute 
known we Can searet ly attain an ap outlined 0 s1 ( cit 
proximate solution of the problem of symbol  o > 
ree bodies, vet this and far more com watchers r t vords God s 
plicated problems are daily and hourly Queen! ormed = by the 
andled by nature without the slightest bodies o er loval subjects 
hesitation in the motions of the heavenly This feat is doubtless difficu 
bodies and in the atom. The terms enoug to equ mue pract 
‘simple”’ and ‘‘complheated’”’ seem compal ! i! ic | 
meaningless to nature. Infinite is he in the for ( Ss quite 
grasp; multiplicity of conditions is to simpli a sallon s 
ier as nothing. The machine, however’ place and went to rds 
loaded, works without creaking. Mor prescribed . But suppose there 
over, nature’s laws seem to have a way had been mn botment '.) 
of executing themselves without needing the thing ad to be done ol il 
enforcement. You may have been for changeable basis, a man to evel 
tunate enough to have been a pupil of but no particular man to any definite 
one of those rare ly vifted teachers who place W Tt S101 nd del 
seem to manage without effort. Not a have resulted! Seve me) ild n 
word is required Her mere presence at onee tor the same positiol mnothel 
suffices. And so Dame Nature, like the position equall mportant | 
catalyst of the chemist. brings about the neglected Yet t Ss 1s 1 
reaction without perceptible exertion. moleeules ve to aecomplis 
Perhaps the most striking illustration lizing. No place is reserved ! 
of this ease of working is found in the particular molecul rhe whole process 
formation of crystals, especially when may be repeated as often as desired w 
this takes place instantaneously from a_ a different permutation of the actors 
supersaturated solution. At one moment in an ineredibly short time 
there are billions of molecules milling A fourth and no less remarkable qu 


about among one another at random in ity of nature is the 
a disorganized. liquid condition: at the she frequently exhibits on er } Sl 
next, order and discipline prevail. Each side. Maxwell 


- 





which he wrote for the ninth edition of 


the Kneyelopedia Britannica a genera- 
perma- 





tion philosophizes on the 
nenece of the atoms as they were known 


the active 


ago, 


in his day He compares 


existence of an atom of hydrogen, sub 
jected to the ceaseless round of chemical! 


change in its environment, with th 


experience of living organisms, and 


points out that there is an essential dif 


ference between the two. The organism, 


result of change in environment. 


as a 


may in many generations undergo a 


development which we e¢all 
evolution and _ finally 
quite different from that which it had at 
the beginning, while hydrogen, that may 


process ol 


assume a torm 


have been occluded billions of years ago 
in a meteorite and thet has existed there 
ever since in monastie seclusion in an 
unchanging environment, is found on 
liberation to possess properties identical 
with those exhibited by its brothers who 
have lived the life of 
change for the same long period. 

The discovery of radioactivity and the 
invali- 


active chemieal 


breakdown of atoms in no way 
dates the essential principle of this argu- 
ment. In Maxwell’s day it seemed that 
though broke -down atoms 
were permanent; in our time we go but 


may break down, 


moleeules 


a step lower: atoms 
but their constituent protons and elee- 
trons appear unchangeable. 

Still a fifth quality of physical nature 
is economy of effort. This is called by 
the physicist the 
action and is illustrated by the fact that 
the path of a ray of light from a point 
in one medium to a point in another is 
that time of 
travel. 

Jointly these qualities present to us a 


principle of least 


which requires the least 


picture most satisfactory to the mind. 
What nature does in her physical activi- 
ties she does well, thoroughly, economi- 
eally and always reasonably, though ever 
mechanically. To watch the physical 
working of nature is like listening to the 
musie of a player-piano, which by its 
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execute 


and 


very perfection ot time 


unimpaired by any fatigue due to eeas 
less repetition, undisturbed by noise a 
chatter in the room, irresistibly sugges 
the unconscious, impersonal machi 
rather than the fallible ar 
perhaps temperamental living artist. 


sentient, 


machine, impersonal, mighty in 
and altogeth 


pow 
infinite in complexity 
overwhelming in its entirety, yet iny 
ing our confidence by its reasonablenes 
its rationality as far as we are able t 
follow its workings—such is the aspe: 
of nature as seen by the student of he 
phy sical phenome na. 

But 
life in our study of nature her aspe 
This, 


expected, Life 


when we include the element 


changes. one is onl 


to be 
scendental a phenomenon, so different 


may say, 


itself is so trai 


kind from anything with which the phys 
ical student has to deal, that it 
reasonable to expect nature’s aspect 1 
from 


is but 
differ when viewed this new pos 
tion. True enough; we expect something 
different, but something still possessin: 
those qualities of perfection and ease o 
working whieh physical nature exhibits 
perhaps exalted to a degree unsuspecter 
before; but we are hardly prepared fo1 


that which animate nature actuall) 
shows us. 
The first impression which she pro 


duces upon us is one of greatly increase 
complexity. Chemistry, it has been said 
is nothing but complicated mechanics, ; 
statement the 
theory, a microscopic edition of celestial 
Phys 


ology likewise we may perhaps regard as 


whieh modern atomi 


mechanies, abundantly confirms. 
complicated chemistry, and psychology 


But mer 
complexity, of whatever high order, has 


as complicated physiology. 
no terrors in itself for the seientifie stu 
dent ; it rather acts asa challenge. Were 
this all, the aspect which nature presents 
to the biologist would differ only in «de 
gree from that which she exhibits to th 
physicist. 

But with life a new element demands 


Penne. 








~~ ils 


THE SOLID GROUND OF NATURE Jae 


consideration, for life is accom ful purpose, but w L 
ed by consciousness, and in its tran fluous on t stage time. Su 
w choice and free will, things so appendix man, always ote 
to reconcile with mechanieal action olten a real soures a vel \ 
some have even argued that they do asks the student th th 
xist. And what is still more serious inanimate nature CS 3 
s impossible for us, as nature has ‘‘why does not natur 
ped and endowed us, to regard phe the useless What estimate w 
vena involving life and consciousness placed upon the intelligence 
out introducing ethical considera superintendent » would 
ns. the effeet of which upon the pie earded piece mac nery to rel 
e is the most potent of all In its pla intil natural de 
Living nature we find still reasonabl moved 
~ violates none of the laws of thought Crone, too, is mut ol nature s ¢ 
\t times she holds rather tenaciously to working. T machine creaks b 
gic when we, perhaps, would fain see times, especially in the newer and hig 
exhibit a little sentiment But of orders of lift Nothing is more i 
e other qualities that contribute to the portant for the preservation ot a speecles 
tisfaction of the physical student not than the birth of a new individual, vet 
e escapes without qualification nature, in the human type, loads this 
When we examine animate nature for portant inction with difficulty nd 
at perfection which was so prominent danger 
quality in her physical aspect we ar As to the attribute of perman 
ther puzzled by what we find. We se« there is perhaps no quality so alie 
uch admirable perfection, almost pei life in all its manifestations. Ther 
et adaptation to environment ; in othe he found a few organisms which have r 
ces nature seems to have grown weary tained their aneient forms for lon 
well-doing and, so to speak, skim ped logical periods but for the most 
e job. Marvelous as is the human eve, law of lite s chana f not evolut 
f xquisitely as it is planned, the practical then degene) 
execution of this plan impresses the erit It is not to be denied t 
eal student as having been rather incom tinual change as an attractiveness o 
le tely earried out. the resulting product own for the biolowiea student 
too often requiring the assistance ot fairly be set off agaist the satis 


uman skill. You will reeall the saving afforded the physical student by thi 


if Helmholtz that if an optician were to) manenece which nature shows him. But 
urnish him an instrument containing this process of evolution n the methods 
S many defects as the human eve hi hy which it 1s earried out nvolves 
vould send it back to him with his very important consideration 
severest censure. Here and in other in never comes to the attention of the 
stanees animate nature seems to have ical student i quality whic sets the 
bandoned that high ideal of perfection  ethieal sense of man hopelessly at odds 
which was so characteristic of her phys- with Mother Nature, who has bestowed 
eal aspect, and to be satisfied with some apon him 
ing that is ‘‘ good enough,’”’ that works For nature is cruel or at least 
fter a fashion. different to the existenee of suffering ni 
Again, we sometimes find living crea- her domain. She has no pity; mayhap 
tures encumbered with useless or even = she has given it all toman. From top to 


indesirable vestiges of organs which bottom of animate nature the weakest go 


served at one time, it may be, some us to the wall. Her highest ideal seems 
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be that might makes right. And the pan 


ticularly feature of it all is 


that this procedure of hers is so eoldly 
logical. As a working plan it is unas 
sallable. Ethieal considerations assume 
by comparison the aspect of Imprac 


I eable theories 
Again, 


is wasteful, es] 
the lowe y orde rs ot ere ation. The phy S]- 


nature 


especially in 


eal principle of least action disappears 


completely. Millions of fish eggs are 


left to 


Rain falls ple ntifulls in the ocean when 


spawned and chanee survival 
be sorely needed by living crea 
land. Notice that the element 


of waste in this process appears only 


it may 
tures on 


when the life consideration is introduced. 


From the purely physical side the less 


rain on land the better. as rain on the 
eontinents effects their slow removal and 
Nor does ani- 


mate nature seek the shortest and most 


ultimate disappearance. 


direct path to her ends. 
advanee seems rather to be one of trial 
and error; she makes a thing, tries it and 
improves it for an eon or so, and then 
rejects it to try another line. 

As man views nature in this aspect 
his impression is one of bewilderment. 
Ile wonders if he may trust his vision, if 
for there comes to him a 
that he, a child of 


nature, because of this new ethical sensi 


he sees aright, 


strange suggestion: 


with which she has endowed him, is by 
just so much nature’s superior. He dis 
approves, vet is helpless 

He looks back into the past of his rae 
and sees that his ancestors were rather 
more closely In harmony with nature in 
Man has 


nature 


this respect than he is to-day. 
long sinee abolished attaint, but 
still 
he ehildren. 


visits the sins of the fathers 


Iluman law no 


upon 
longer 
countenaneces the rack, but tetanus still 
Irom 


holds 


tears the muscles of its victims 


their very fastenings. Our law 
that it were better that nine guilty 
should eseape than that one innocent 


should suffer, but nature’s punishments 
distributed blind 


impar- 


are with the 
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Her method of 
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chanes It is e 


1 ality ol 


such as these that 


engender in the n 
of man that strange suspicio1 
superiority which he half 
half hesitates to believs é 

But again he reflects erimly that ev 
rougi a Stag 


adoleseent passes t} 


which he thinks that he knows mort 
Is this our 01 
intellect 


to exhib 1 


any adult in existence 


position ? Is the human rae 


ally still so immature as 
similar behavior toward Mother Natur 

Under the influence of such refleeti: 
the student of nature often keeps his o1 
fearful lest an 


opinion, however hesitatingly and mo 


counsel, expression 
estly put forth, should place him in son 
such ridiculous light before his fellow 
He keeps silence, waiting and hoping f 
clearer vision, and in the meantime i 
sadly bewildered state of mind. 

But the poets, to whom we scientist 
must so often turn when expression fail 
us, have not been blind to this aspect 0 
nature, nor have they held their peac 
Browning puts this answer into naturs 
mouth : 

‘See 
Or shut your eyes,’’ said nature, peevisl 


‘*Tt nothing skills, 
And Tennyson complains \ 


That nature lends such evil dreams 
So careful of the type she seems, 


So eareless of the single lift 


So careful of the type? 
From sez rpéd elitl an 


She cries, ‘‘ A thousand ty 


There can hardly be a sharper contrast 
than that exhibited by these two types o 
students of nature, the physical and t 
the other hb 
perhaps 


the phy Ss 


biological, the one satisfied, 
wildered. The cynic would say 
that both lack a proper view ; 
eist does not see far enough to distur! 
him, and the biologist sees too much fo! 
his own peace of mind. 


Now comes the philosop! er. whos | 


YY 





ne 


jill nt ibe st 


THE SOLID GROUND OF 


object if is to ry U view als 
y as possible and in true pe 
e all different varieties of humai 
ng, and so far as possible to ¢O0 


te them. Here is an excellent op 
t 


nity for him. Has he anything to 
at will be helpful in this impasse 
eh we find ourselves? 

s, he has something to say; trust a 


sopher for that; but as to its help 
ess, We may perhaps reserve our cd 
until we have heard it. And what 
begins by saying does not seem to 
much application to the difficulty. 


But philosophers have their own way ot 


ng things, and must be humored 11 
are permitted to speak at all. 

You know,”’ says he, addressing him 

to the physical student, ‘‘that mat 
exists in three states, solid, liquid and 
seous. Warm up a solid. For a long 
time, perhaps, it remains a solid, its ap 
pearance and behavior changing by in 
sensible gradations. The continual ad 
lition of heat is accompanied by a 
steady rise in temperature. But soone1 
later a_ eritical point is reached 
Though the influx of heat is not halted 
e temperature stops rising. A new 


effect is produced, different in kind from 


ny phenomenon previously exhibited 
We say the body is undergoing a chang: 

state and becoming liquid. In this 
new state new laws govern its behavior; 
ts properties are radically changed 
Yet it still remains matter, of the same 
emiecal composition as before, in sub- 
stance unaltered, though in_ behavior 

nsformed. 

‘*Soon the transformation is complete 


The temperature again begins to rise as 
the influx of heat eontinues, and the 


properties of the liquid alter by insen 


sible gradations. 


‘*Eventually another critical point is 
eached, signalled by another halt in the 


ise of temperature. The liquid begins 


to boil, assuming again new properties. 


Yet in this new gaseous state it still re- 
nains matter, of the same composition as 


befor 

‘Now ( 
Wwe I! . 
stead ! 
he bheevini 
tory has he 
lution Ller 
trusted, will ¢ 
{ eonsum 
vet form mn 
warming up p 
eertaln eritica 
changes Ot stat 
critical points 
made its ap} 


nomenon 


nature 


‘For untold 
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matter occasionally grated on the sensi- 
bilities of the living, and ealled forth the 
protest: ‘Why are you so mechanical? 
Why not show 
But this protest, if any such 





little flexibility ocea 
sionally ?’ 
were made, was wasted. ‘“‘It is my 
ancient way,’’ replied non-living nature, 
‘the way | did for millions of years be 
fore you new-comers appeared upon the 
scene. I can not mend my ease. Why 
not do as I do and be sociable ?”’ 

‘But this is just what living matter 
will not do. Like white men in the trop- 
ics, It maintains its own standard of liv- 
ing among an overwhelming majority of 
an inferior grade of civilization. Mil- 
lions of years have passed. Life is no 
longer a new-comer, a feeble colony, but 
has waxed mighty, and has become thi 
outstanding feature on the earth’s 
surtace. 


‘* And 


pher, ‘‘we have come to a second eritiea! 


now,’ continues the philoso- 


point, Life has reached such a degree 
of development that a new set of phe- 
nomena is beginning to make appear- 
anee, something different in kind from 
anything that has been before; as differ- 
ent in its turn as was life itself compared 
to inanimate matter; something super- 
imposed upon life as life of old was 
superimposed upon the non-living. And 
it is, appropriately enough, in man, the 
highest type of life, the flower of crea- 
tion, ‘the heir of all the ages,’ that this 
new thing first makes itself manifest—a 
moral sense, an ethical feeling, which 
often finds itself as much a stranger in 
its environment as life must. have felt 
among the erystals and colloids in which 
ii began its existence. If we must find 
a single word to express this new qual- 
ity, let us eall it Soul.’’ 

The philosopher now addresses himself 
to the abashed and bewildered biologist. 
‘*Take courage. ”’ ‘Your vision 
is better than vou realize. Your face is 
turned toward the light, though for the 
present you fear to look at it, or can not 
Allow time for your sight 


says he. 


bear its glory. 
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to become accommodated, and then | 


boldly at what you see. 
‘**You feel that 
nature antagonize your ethical sense, | 


certain aspects 
you hesitate to commit yourself to 
position lest you should repeat the 
of the adolescent who holds his elders 
disdain. But you are not an adolesee 
Look closely. 

‘*There is perhaps nothing more ¢] 
acteristic of econeeited youth than 
coeksureness The explanation 
things is so clear to him that thos 
his elders who for some incomprehensib 
reason can not see for themselves h: 
much better ask him about it. W) 
question and experiment? It is as pla 
as the nose on your lace that it must 


so and so. Common sense tells you th: 


if you have any! 

‘*We reach our intellectual majorit 
when we begin to realize that it is not 
quite so easy as all this; when we begi: 
to question anew, as we did in childhood 
when we become increasingly reluctant 
to commit ourselves to an opinion. 

‘*Now the human race, as represente 
by its intellectuals, has passed throug 
something strangely like this stage « 


adolescent coneeit. There was nothing 


more characteristic of the thought of the 
Middle Ages than this same coeksur 
ness, this disinelination to put questions 
to nature, this predilection for spinning 
explanations out of its own inner con 
Why look through Galileo's 
telescope to see what he calls ‘the moons 


sciousness, 

of Jupiter’? Are there not seven plan 
ets known? And is not seven a perfect 
number? There can be no more planets; 
it is a waste of time to look for them. 
And as for light bodies falling as fast as 
lieavy ones, why, common sense would 
tell vou differently, even if Aristotle had 
Who is this upstart that he 
pretends to know more than Aristotle? 
And of all presumption—to assert that 
he can see spots on the face of the per- 


not done so. 


feet sun! 
‘*But man is beginning to emerge from 
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this mental state, and is entering upon 
bis intellectual manhood. You students 
of animate nature are in the forefront 
of the advance. You question, you ob- 
Berve, you experiment; you are hesitant 
About forming an opinion. You have 
Feached years of discretion. Trust your 
Fision, your reason. If something within 
Fou suggests that your ideals are su- 

erior to some things which you see in 
the established order of nature, if you, 
too, see spots on the sun, fear not, neither 
be ashamed. Ideals can rise higher than 
their source. Just as every great genius 
had parents of less than his own mental 
ability, who yet in some mysterious way 
eudowed him with more than they them- 
selves possessed, so nature has produced 
within us something without precedent 
in the life history of the earth. And as 
p parent watches with pride a child who 
pives early promise of outdistancing his 
elders, so Mother Nature may be watch- 
ing us. 

“It is all very interesting and amus- 
ing to sit, as it were, in a box at nature’s 
theater and watch the Pageant of Time; 
to see life slowly and perilously begin; 


to watch it wax and develop to incredible 
complexity. But now the call comes to 
you; your cue is spoken. Within you is 
develuping a new thing, as wonderful as 
life itself, and no less rich in possibilitic S. 
Life in its turn has brought fort! 
thing of a higher order, transcending 
itself, as it once transcended non-living 
nature. And that this thing has 
elected to make its appearance in and 
through you, the highest of nature’s chil 
dren, what is more reasonable? Do men 
gather figs of thistles? 

‘*What is this new thing which nature 
has brought forth, and with the develop 


Y 
? 
19 
A: 


some- 


new 


ment of which we have been entruste 
No man can say, but it is a fair inference 
that it will go far. Life has gone far 
from a tiny speck of protoplasm ; who 
knows to what length this new thing, this 
mind, this soul, if may carry 
us? But with all that we are, with all 
that we may become, we must ever bear 
in mind that nature is our mother, that 
in all that is fundamental we 

with that which we see about us: 
stance the same, differing only in bi 
havior.’’ 


you will, 


are one 


in sub- 











ARTIFICIAL BEACH CONSTRUCTION IN THE 
VICINITY OF NEW YORK 


By HENRY S. SHARP 


COLUMBIA UNIVERSITY 


ALTHOUGH millions of dollars have 
been spent in the past few years to build 
beaches in various parts of the United 
States, the idea that beaches can be con- 
structed artificially is strikingly novel to 
most people. Yet in recent years the 
growing popularity of the shore as a 
vacation resort has so emphasized the 
value of good beaches that an increasing 
number of municipalities, clubs and pri- 
vate individuals are seeking to better 
their bathing facilities by constructing 
artificial beaches. The success of these 
attempts has varied as widely as their 
cost. 

As a rule the most successful beaches 
have been built by engineers thoroughly 
conversant with local physical condi- 
tions, who have provided structures to 
counteract the effects of these conditions 
or to shape them to their ends. Condi- 
tions vary so widely from place to place 
that rule-of-thumb methods are sure to 
give a large percentage of failures, and 
a structure successful at one place may 
be a dismal failure at another. On the 
other hand, the engineer who wishes to 
attack his problem scientifically finds 
that science has done very little to help 
him. He is almost entirely without 
trustworthy facts, and must work up his 
data from hasty studies of his own. Un- 
fortunately the conditions of competition 
under which most beach contracts are 
awarded do not allow much expenditure 
of money for experimental purposes, so 
the builder is forced to work with im- 
perfect information, with the result that 
many beaches never attain their greatest 
possible success. 

At the suggestion of Professor Douglas 
Johnson, of the National Research Coun- 
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cil’s Committee on Shoreline In : 
tion, the writer made a study ot ) 
artificial beaches in the vicinity 
York, in order to get a better id 
magnitude of this type of engi! 
work and to discover, if possible, s 
the physical conditions which hel; 
termine the success or failure o 
attempts to build himself artific 
shore playgrounds. The results 

a survey are immensely impress 
one considers only the eost of suc! 
tures; while a double interest exists 
those who have some curiosity as to hi} 
waves build up and tear away the s 
along the shore. The city of New 

has spent over $2,000,000 in buildi: 
public beach at Coney Island. Wr 
ville, N. C., an incorporated town \ 
winter population of twenty-two per 
and a summer population of five t 
sand, has spent $60,000 in building j*| 
ties. At Atlantic City jetties construc’ 
on an extensive scale have given satis 
tory results. Thus, from large to s1 
the examples of beach construct 
ished or under way might be multi; 
extensively. 

In making his studies the writer 
generously aided by more engineers 
other competent authorities than hi 
name in a short article, and he wishes' 
express here his indebtedness to t 
and to their published accounts of 
cial shore works. 


— 


AGENTS OF EROSION AND 
ACCRETION 
An analysis of the work of erosion a! 
accretion performed upon beaches 
show that the chief agencies involved 
waves and currents, usually interactix 
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to such a degree that it is often d 


iff 
lative 


arrive at an estimate of their r 
rtance. The destructive action of 
waves is dependent upon their size and 
racter, the direction of their approach 
| the depth of the water. On a calm 
waves approaching the beach are 
likely to be of the gentle swell type, and 
f the bottom 
material should be 
build up the beach. On i 
onshore storm will pile the 
upon the beach several feet above normal 
high tide, so that a 1 
bettom current or undertow flowing sea- 


slopes ventiv seaward, 


landward to 


] 


I 
moved 
he other hand, 


water 


strong hydraulic 
ward may be caused, disastrously erod 
ing the beach. If wind blows 
strongly offshore, the surface water will 
be blown seaward, and a compensating 
shoreward current coming in along the 
bottom will deposit sand upon the beach. 
That this is more than theory is indi- 
eated by the Jersey fisherman’s axiom 
that ‘‘a west wind builds up the beach.’’ 

Another factor of extreme importance 
in determining the effect of waves on a 
beach is the depth of water seaward of 
it. Large waves require deep water; if 
a beach is protected by shallows offshore, 
the great waves will break harmless!y 
where the water first shoals. Only after 
a long storm will the ceaselessly working 
waves have removed material enough and 
deepened the water sufficiently to allow 
them to attack the shore. Usually the 
storm is aver before this can happen, and 
the ordinary processes of deposition have 
replaced the sand before another storm. 
Thus it happens that one long-continued 
storm may do more damage than several 
short ones. When the water deepens 
rapidly offshore, even short storms are 
able to throw waves upon an unprotected 
beach which is open to destruction. It is 
true that the best protection a beach can 
have is ‘‘plenty of sand,’’ so that it can 
lose much without being destroyed. 

All the sand removed from a beach is 
seldom permanently lost; usually a 


the 
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large proportion is replaced during 
next calm period, or after a change o 
winds. As an example, the fortunate 
ease of the New Jersey coast 1 be 
cited, where the most destru no! 
easters are usually llowed for seve 
days by steady west winds. rebuilding iz 
many cases a large part of the de 
beaches. But in places the difficulties 
protection are increased by the perma 
nent loss of a | art of the s 
eroded sand; this is true on the Nether 
lands coast, where the strong l eur 
rents of the North Sea remove the sand 


beyond the hope reclamation. 


This interaction of waves and currents 
working toward the construction or 
struction of a beach is typical of th 
forces with which the marine engineer 


must struggle. Authorities differ greatly 


work of tides on beaches, 


eoneerning the 
but it seems most probable that the ord 
nary rise and fall of tides will have little 


effect on an open coast. Tidal currents 
having a velocity of several miles per 
hour may develop on certain parts of a 
coast broken by many inlets, bays and 
headlands. 

On the Jersey coast inlets through th 
barrier beach are marked by two 1 
deltas, one in the 
ocean, formed by 
flowing tidal 


lagoon and one in the 
the inflowing and ou 


currents. The sand in 


these deltas is permanently removed 
from beach circulation, and therefore 
such tidal currents may have a detri- 


mental influence by robbing the beaches 
Wave currents, last to be considered, 
are the producers of ‘‘beach drifting,’’ 
probably the most important means of 
transportation which 
built up or destroyed. 
caused by waves running upon the beach 
obliquely and forming a swash which 
carries beach material in the direction of 


by beac] es are 


ng is 


seach drift 


wave propagation up the beach, whence 
the force of gravity causes it te return 
almost directly down the slope. Thus 
wave after wave results in a net move- 
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ment of material to leeward by a series 
of parabolic leaps. The importance of 
this process is everywhere demonstrated 
by the accumulation of sand found on 
the windward side of any obstacle which 
obstructs the movement of drift along 
the beach. Many prominent features of 
our coasts owe their existence to this 
drifting movement: Sandy Hook and 
Rockaway Point, outside the Lower Bay 
of New York, are due to drifting caused 
by wave currents, and both have been 
rapidly extended in the direction of cur- 
rent movement. 


SHORE PROTECTIVE DEVICES 

Engineering opinion differs greatly 
concerning the value of artificial de- 
fenses used to protect beaches against 
loss. A limited number have proven use- 
ful under such a variety of conditions 
that no doubt remains about their util- 
ity, although there is still much argu- 
ment about their detailed construction. 
It may be said that any structure suffi- 
ciently tight to interrupt the beach 
drifting will result in accumulation on 
the side from which the drift comes, but 
such effects may be offset by the scour 
which may be caused at times on their 
leeward side. 

Protective devices are generally of the 
following types: bulkheads, placed at the 
rear of the beach and extending parallel 
to the shore, are made of wood, stone or 
concrete, and are designed to prevent 
erosion and scour on beaches inundated 
by extreme storms. Groins, by which are 
understood wooden or stone structures 
usually placed at right angles to the 
shore and extending into the ocean far 
enough to break up the long-shore move- 
ment of drift, are the most important 
beach protective device. Many disas- 


trous experiences have shown that groins 
or bulkheads should seldom if ever be 
used separately ; a system of groins hav- 
ing their landward ends tied to a bulk- 
head is considered the best engineering 
practice. 


Groins designed to secure ac- 


cretion to the beach are usually byij; 


with piles projecting so they may 
raised as deposition occurs. When the 


are exposed to the full effect of the waves 
they must be protected by massive rip. 


rap, or be made entirely of ston 


wooden groins will be torn out, as hap. 
pened at Long Beach during the recen; 


storm of February 22. Groins are us 
ally placed at right angles to the shor, 
and are spaced variously according { 
local conditions. 
PuysicaL CONDITIONS IN THE VICINITY 
or New YorK 

The effect of the wind, the usual cau 

of shore drifting, may be studied 


wind ‘‘roses,’’ made by plotting the rela. 


tive importance of the wind from eac! 
quarter obtained by 
hours of duration from each direction | 
the average hourly velocity. The use | 
wind ‘‘roses’’ in explaining the directio: 


of beach drifting as a function of domi- 


nant winds and coastal orientation 
well exemplified by the cases of th 
southern Long Island and New Jersey 
coasts. 

The northern coast of New Jersey ex- 
tends in a north-south direction, and 
drifting is northward, while the adjacent 
Long Island coast has an east-west 
orientation, with westward drifting 
For a long time these anomalous direc- 
tions of drift movement confused stu- 
dents of shoreline problems, but the ex- 
planation is now known to be very simp| 
and logical. Obviously the only winds 
eapable of producing oblique onshore 
waves on the Long Island coast are from 
the southeast and southwest. The wind 
**rose’’ for Sandy Hook shows the south- 
east winds to be less important, and east- 
ward beach drifting due to the stronger 
southwest winds should be expected 
However, winds coming from the soutli- 
west have a shorter sweep of open water 
due to the nearness of the Jersey coast, 
while the southeast winds sweep in from 
the open ocean and are therefore strong 


multiplying the 
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enough to bring about westward drifting. 

On the north-south New Jersey coast, 
waves from the northeast and southeast 
approach the shore obliquely to cause 
drifting, but although the northeasters 
are the stronger winds, the coast is 
partially protected by the proximity of 
Long Island, and the weaker southeast 
are able to form the stronger 
waves with very marked northward 
movement of material along the north- 
ern New Jersey coast. A rough dia- 
gram will convince any one of the va- 
lidity of this explanation for the move- 
ment of material on these coasts. 

The straight linear character of the 
New Jersey and southern Long Island 
coasts is ideal for the generation of 
eurrents moving for great dis- 
tances in the same direction; on the 
other hand, the Connecticut shore of 
Long Island Sound is so irregular that 
the many minor indentations and prom- 
inences exercise a great influence over 
the direction of beach drifting, and cur- 
rents setting for a long distance in the 
same direction are unusual. The diffi- 
eulties of beach construction on the Con- 
necticut shore are increased because the 
iatural supply of sand is smaller than 
on the Long Island and New Jersey 
coasts, where unconsolidated sands and 
gravels supply to the waves an abun- 
dance of material for the _ beaches, 
whereas, in Connecticut, a large propor- 
tion of the shore is formed of resistant 
crystalline rock disintegrating to form 
sand very slowly. 


winds 


shore 


Tue Coney IsLAND MuNIcIPAL BEACH 

The largest and most successful arti- 
ficial beach on the North Atlantie coast 
is the New York City Municipal Beach 
at Coney Island on the southwest point 
of Long Island just outside New York 
Harbor. Here, on a front of nearly 
two miles, the shoreline has been ad- 
vanced seaward over three hundred feet 
by artificial means. Before construction 
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started there was a natural beach some 
fifty feet wide, protected by a few pri- 
vately built groins, but no systematic 
protection was afforded so that advance 
in one place was offset by retreat in an- 
other. 
insufficient to build a 
so that it 


The natural supply of sand was 
beach of the de- 
sired width, was necessary to 
pump sand upon the beach. The f 
problem of the engineers was to deter- 


cnie 


mine what type of structure would give 
the greatest stability to the sand thus 
placed 

Careful study resulted in the erection 
hun 


} +5 
ch ve 


of sixteen timber groins, ea 


dred and sixty feet long, and spaced at 
six-hundred-foot intervals. All these 
groins were securely tied to a low bulk 
head to prevent scouring in case of 
exceptionally severe storms and were 


covered by heavy riprap for their outer 


two hundred feet 

At present, several years after the 
completion of the work, many interest 
ing features are revealed. Since the 


general movement of material on this 
coast is westward, it is to be expected 


that all the groins interrupting the 
drifting would have more sand on their 
eastern side than on the western. At 


Coney Island this is true of the eleven 


western groins, showing that movement 
on the western portion of the beach is 

addition, a large quan- 
tity of red sand was poured upon the 
beach during point 
about one thousand feet west of Steeple- 


chase Pier; a few months later this sand 


westward. In 


construction at a 


was found several thousand feet west of, 
and more than a thousand feet eastward 
of its position. Finally, 

proved beaches to the east, stable for 


original im- 
many years, have suddenly moved for- 
hundred feet 
completion of the Coney Island beach. 
All this evidence points.to an unusual 


ward over a since the 


change in the direction of beach drift 
ing, so that east of a certain point on 
the beach, probably in the vicinity of 
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the twelfth groin, sand moves eastward 
instead of westward. 

A number of explanations have been 
advanced to account for this interesting 
change in the direction of beach drift- 
ing, the most promising being based 
upon a study of the location of Coney 
Island in reference to the protection af- 
forded against sea winds. As any map 
will show, the eastern shore of Coney 
Island is protected by Rockaway Point 
from the heavy southeast waves which 
sweep in with full force upon the west- 
ern portion of the Island. On the other 
hand, waves coming to Coney from the 
southwest have only a short fetch, due 
to the nearness of the New Jersey 
shore; they are wholly incapable of 
moving material eastward on the west- 
ern portion of the beach where the 
heavy southeast waves break. On the 
eastern portion of the beach, however, 
they have a greater fetch than the south- 
east waves crossing the narrow stretch 
of open water behind Rockaway Point. 
Here, therefore, the southwesters are 
dominant, and cause an eastward move- 
ment of shore débris. The vicinity of 
the twelfth groin from the west is where 
the domination of southwest waves on 
the eastern portion of the beach gives 
way to the domination of southeast 
waves on the western portion, and hence 
is the point from which material is 
moved in both directions. The authori- 
ties take advantage of this unusual 
movement of shore drift to replenish 
the beach at intervals; they simply 
pump sand on the shore in the vicinity 
of groin 12, and the waves distribute it 
all along the shorefront. This has al- 
lowed economical maintenance of the 
beach, which is considered very success- 
ful several years after its completion. 


BEACHES ON THE WESTCHESTER COUNTY 
SHORE 


Although conditions of beach con- 
struction on the north shore of Long 
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Island Sound are very different 
those on the south shore of Long |; 
land, it is still true that the solutior 
of the problem will be found by 
proper appreciation of the mover 
of beach material as governed by 
direction of approach of the domin 
waves. In making plans for the . 
struction of a beach it will always 
found helpful to study other beaches 
the vicinity in order to learn what « 
ditions have governed their deve 
ment. In the course of field work 
Westchester County, three adjoining 
natural beaches, Meadow, Rye and O 
land, were visited, and showed a dis. 
tribution of sand highly significant 
their origin. 

Meadow Beach, the northmost of 
three, is situated between two sm 
rocky promontories; the northeastern 
portion of this beach has a broad stri; 
of sand which narrows rapidly towar 
the southwest until it is only a few feet 
wide. The cause of this uneven distri- 
bution is not far to seek. A short dis- 
tance offshore are the Transport Rocks, 
largely protecting the beach from the on- 
slaughts of southeast waves, but to t 
south and the east the beach is exposed 
In this region south winds are stronger 
than easterlies, so that the dominant 
waves are from the south. Meeting th 
northeastward extending shore obliquely, 
they cause drifting toward the northeast, 
until the northern promontory breaks up 
the movement causing the formation of 
a wider strip of beach. 

Adjacent to Meadow Beach on the 
southwest is Rye Beach, a broad, fin: 
beach, sheltered, as is the former, by 
two rock promontories. Here again the 
distribution of sand is uneven, but un- 
like Meadow Beach the southern portion 
is broader than the northern. The pres- 
ence of offshore rocks explains the ap- 
parent anomaly. To the south 
southeast lie the Forlies Rocks; to the 
east lie the Transport Rocks, but to the 


and 
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hortheast the beach is exposed to waves 
poming in over a long stretch of open 
water causing drifting 
intil the interference of the southern 
rock causes deposition on that portion 
of the beach. 

Oakland Beach is situated a short dis- 
tance south of Rye Beach, and if the 
position of the rocks offshore is noted 
jt will be seen that the beach is well pro- 
Tr 
D 


southwesterly 


ted from north through east by the 

arby Forlies Rocks, but to the south- 
east it is more Southeast 
waves should here cause beach drifting 
jn a northerly direction, and the beach 
should be wide at the northern end, if 
the theory is correct. In the field one 
glance shows that the facts conform to 
theory, and that tne northern portion is 
wider. 

Here, then, is a series of three beaches, 
two of which are wider at their northern 
ends, while the third, lying between the 
former, is much broader at the southern 
end. This irregular distribution of sand 
is a strong argument against the pres- 
ence of currents setting for a long dis- 
tance in one direction such as are found 


exposed. 


along the Long Island and most of the 
New Jersey coast 
the distribution of sand in each ease is 
explained by the direction from which 
comes the dominant wit 
the greatest stretch of open 
With this in view, it seems evident tha 
on this coast marine engineers should 
give particular attention to the often 
slighted, but here very important, proc- 
ess of beach drifting 

Investigations of this character show 
very clearly how the study of shorelines 
and shore forms so long classed as one 
of the ‘‘pure’’ geological sciences has in 
the last few years taken its place w 
many of its sister branches of ge 
a subject of distinct practical value. It 
also indicates how much the lives and 
habits of the present generation have 
been influenced by the invention of the 
automobile; before it became cheap and 
plentiful the beaches were more than 
large enough to accommodate all who 
them. Now they are over- 

with 
of enlarging and 


visited 
whelmed visitors, and efficient 
means increasing 


them are eagerly being sought. 








THE SOIL AND THE MICROBE'’ 


By Dr. SELMAN A. WAKSMAN 


NEW BRUNSWICK, NEW JERSEY 


THE practical benefits derived from 
the study of the réle of microorganisms 
in infectious diseases and of the means 
of controlling these infections, as a re- 
sult of the investigations of Pasteur, 
Koch, their associates and numerous fol- 
lowers, gave rise to expectations of simi- 
lar results in other fields, where the 
transformations are known to depend 
largely upon the agency of microbes. 
However, these expectations were not 
always fulfilled, and frequently the re- 
sults obtained little promise of 
practical exploitation. This is especially 
true in the application of the results of 
studies of numerous microorganisms 
which inhabit the soil. If the primary 
purpose of scientific investigation is to 
explain known facts and common prac- 
tices, then the study of the biochemical 
processes carried on in the soil by the 
complex population may have justified 
itself. However, if the primary purpose 
of research is to improve or change com- 
mon practice, then the fifty years of 
study of the bacteria and other microbes 
of the soil has with certain exceptions, 
such as the use of cultures for soil inoen- 
lation and a better understanding of the 
employment of green manures and the 
use of stable manure, largely failed in 
its goal. 

Far from agreeing in the interpreta- 
tion of the results obtained, outstanding 
investigators in the field frequently dis- 
pute the very activities ascribed to the 
great majority of soil organisms and 
even question whether any of the organ- 
isms commonly studied have been defi- 


gave 
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nitely shown to be soil forms a1 
sausative agents of known pr 
Soil microbiology represents a good 
tration of a science which is quit 
pendent upon information in re] 
sciences. 

Since the importance of micr 
isms in soils is interpreted in te: 
the 
growth of higher plants and sin 
complex physical and chemical! p: 
ties of soils are so closely related t 
development, a knowledge of the 
affecting plant growth and of the 
ical and chemical characteristics o! 
is indispensable to applications of 
ings in soil microbiology. To be abl 
understand the for the 
producing capacity of the soil, th 
esses of soil treatment and fertiliza 
it is not merely sufficient to know 


influence of these organisms 


reason 





nutrient requirements of the plant 

it is essential to understand the 
affecting the liberation and retentior 
these nutrients in the soil, processes 
which are closely related to the activ 

of the soil microbes. These micr 
have become too quickly popular as a re- 
sult of a few partly justified and many 
largely unjustified expectations. Ma: 
are found who are willing to exploit for 
selfish purposes this interest of the pr 
tical man in the microbe, an interest s 
well blended with a lack of 
knowledge. A soil process whose ex- 
planation is obscure may be called a 
sult of the action of soil bacteria v 
little or no knowledge of the importa 
of such organisms in the reaction. Ev 
the teacher and agricultural expert 
utilize this explanation, when one 


accura' 


needed and none is available; the mi- 


any 


il- 
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erobe in the soil has served too fre- 
quently for explaining phenomena which 
were not understood. 

What do we know of these soil mi- 
erobes? Can we ever expect that an ex- 
tension of our knowledge will lead to a 
modification of soil treatment and help 
to change this art of handling soils into 
a science which will take its place with 
other biological sciences. It may be 
somewhat exaggerated to call soil science 
a biological science, especially in view of 
the secondary considerations given to 
soil organisms, as compared with the 
mechanical, physical and chemical anal- 
ysis of the soil, but it will be recognized 
sooner or later that the soil is a biolog- 
ieal system, modified by the physical and 
chemical environments just as other bio- 
logical systems are. 

The foundations for the knowledge of 
the microbes of the soil were laid by (1) 
chemists, who have studied certain soil 
processes, such as the formation of ni- 
trates or the fixation of atmospheric 
nitrogen: (2) by bacteriologists, bota- 
nists and zoologists, who developed meth- 
ods for the isolation and cultivation of 
bacteria and other microorganisms, and 
finally (3) by practical agronomists, who 
studied plants in their natural environ- 
ment, the soil. It is sufficient to mention 
the names of such brilliant chemists as 
Berthelot and Miintz, in France, of 
Lawes and Gilbert, in England, of 
Sprengel and Liebig, in Germany; bac- 
teriologists, like L. Pasteur, F. Cohn, 
R. Koch; agronomists, like Kette, 
Rosenberg-Lipinsky, Dehérain and 
others. Although by 1880 considerable 
information had accumulated concern- 
ing certain soil processes and their im- 
portance in plant nutrition, very little 
was known of the causative agents. The 
soil was supposed to harbor microscopic 
forms, but these were very little un- 
derstood. 

The development of the gelatin plate 
method in 1881 by R. Koch enabled one 
to obtain bacteria from the soil. The ap- 


plication of this method by Koeh and 
other bacteriologists demonstrated the 
presence of millions of these organisms 
in every gram of soil. This striking ob 
servation aroused general expectations 
that soil practice would soon be revolu 
tionized, just as was the case with the 
practice of medicine Unfortunately, 
however, one could find at the very be- 


+) 


ginning of these investigations the seeds 
of future disappointments. First, the 
investigators, especially in Germany, 
were either medical men who were little 
interested in the soil as a biological sys 
tem, but were searching for organist 
that might be causative agents of a 
mal diseases and not for the organisms 
which were concerned in the important 
soil processes; or they were practi il 
men, interested in the modification of the 
soil economy rather than in the develop 
ment of a new science. Secondly, since 
only bacteria were at that time recog- 
nized to be concerned with animal dis 
eases, bacteria were sought in the soil 
and bacteria were counted, thus giving 
rise to the name of the whole science 
under consideration as ‘‘soil bacteriol- 
ogy,”’ overlooking thereby the fact that 
the soil harbors numerous other organ- 
isms which take an active part in the 
various processes. Finally, the plate 
method of counting bacteria, being fairly 
well adapted to counting known specific 
bacteria, gave a wrong impression of the 
occurrence and abundance of the bae 
teria in the soil, since it allowed the de 
velopment of very few types of organ- 
isms. The great majority of the soil 
bacteria and especially those known to 
carry out certain important soil proc- 
esses, being very selective in their nutri- 
tion, did not develop on the plate, so that 
where hundreds of millions occur per 
gram of soil only millions or even fewer 
were counted. 

Soon after the work of Koch there ap- 
peared one of the most important con- 
tributions from the applied point of 
view. In 1885-1886 the studies of the 
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role of bacteria in the fixation of nitro- 
gen by leguminous plants were brought 
to a final successful conclusion. From 
the times of the Romans it was known 
that these plants could thrive very well 
on soils where other plants failed. It 
was later shown that they could develop 
on soils receiving no additional combined 
nitrogen, either in organic or inorganic 
forms; they were known to leave the soil 
not poorer but even richer in this valu- 
able element, which is indispensable for 
the growth of all plants and which is the 
most costly of all the fertilizing elements 
supplied to the soil. These plants were 
found to contain nodules on their roots, 
the nodules being full of bacteria. Hell- 
riegel and Wilfarth, in Germany, fol- 
lowed by other investigators, established 
beyond any doubt that the leguminous 
plants are capable of obtaining the nitro- 
gen from the abundant supply of gaseous 
atmospheric nitrogen and that the pres- 
ence of the bacteria in the nodules is ab- 
solutely essential to this process. When 
the bacteria are eliminated, the legumi- 
nous plants behave like all other plants 
and require additional nitrogen. When 
the soil in which the plants are grown is 
inoculated with the bacteria in question, 
the plants begin to grow very rapidly, as 
when available nitrogen is added. 
Whether the bacteria themselves fix the 
nitrogen or whether they enable the 
plant to do that by some unknown proc- 
ess, was a question of some discussion, 
although the evidence seems to point 
quite definitely to the first theory. 

The period between 1890 and 1902- 
1904 abounded in some outstanding con- 
tributions to our knowledge of soil 
microorganisms. Two investigators, who 
have already made some important con- 
tributions to microbiology, namely, 8. 
Winogradsky and W. M. Beijerinck, 
focussed their attention upon organ- 
isms related to some specific soil proc- 
esses and succeeded in unravelling a 
number of processes until then only 
little understood. These investigators 


developed new methods of attack, which 
enabled them to isolate organisms that 
could not be isolated by the ordinary 
bacteriological methods. These forms 
were shown to be concerned with cer- 
tain known processes and were studied 
in attempts to explain the nature of the 
processes themselves. The enrichment 
culture method and the use of synthetic 
media, some of which were highly spe- 
cific, allowed the isolation of various 
new microbes. It is sufficient to men- 
tion the organisms responsible for the 
formation of nitrites and nitrates (it is 
this latter form of nitrogen which is 
largely used by the higher plants), the 
fixation of atmospheric nitrogen in the 
absence of leguminous plants, under 
aerobic and anaerobic conditions, the 
oxidation of sulfur and its compounds 
and the reduction of nitrates to atmos- 
pherie nitrogen. 

During this period other investigators 
made numerous contributions some of 
which are of outstanding importance. 
Attention need only be called to the in- 
vestigations on the rdle of microorgan- 
isms in the decomposition of proteins 
with the liberation of ammonia. This is 
a reverse process of that carried out by 
higher plants, and it results in retaining 
the important element nitrogen in con- 
stant circulation in its combined form, 
of which there is only a limited supply 
in the soil. Other studies were con- 
cerned also with the decomposition of 
celluloses and other organic complexes, 
with the liberation of the carbon in the 
form of carbon dioxide, which becomes 
available to the growing plant. 

All these studies increased the infor- 
mation on the nature of the organisms 
concerned in some definite soil proc- 
esses; as a matter of fact, only organ- 
isms were looked for which were re- 
sponsible for processes already known. 
However, the investigations tended to 
be isolated phenomena and, although 
they contributed to the accumulation of 
knowledge concerning certain represen- 
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tatives of the soil population, they did 
not tend to bring to light the various 
nterrelationships of the complex soil 
population. These microbes live in an 
extremely complex physical and chem- 
cal medium, the soil. They exist in the 
soil solution and to a greater extent on 
the organic and inorganic colloidal 
film surrounding the inorganic particles 
which go to make up the soil. They 
carry out numerous reactions, utilizing 
the products of one another, antagon- 
izing one another directly or indirectly, 
working frequently in symbiosis, pro- 
ducing substances injurious to them- 
selves or to others and frequently serv- 
food to other organisms. A 
single process carried out by a single 
organism gives only a suggestion of the 
course of the same process in the soil 
or of the réle of the particular microbe 
in this process when accompanied by 
numerous other processes, in the pres- 
ence of a very complex population of 
fungi, bacteria, actinomyces, algae, pro- 
tozoa, nematodes, ete. 

Such considerations and a desire to 
study certain transformations in the soil 
in the presence of the mixed population, 
rather than by specific forms in pure 
culture, called forth about 1902 two new 
methods of study of soil biological proc- 
esses : 

(1) Some investigators limited them- 
selves to the determination of a single 
transformation or group of transforma- 
tions brought about by the whole soil 
population. The soil was at first added 
to a solution containing a definite sub- 
stance, later the substance in question 
was added to the soil itself. After a cer- 
tain brief period of incubation, an analy- 
sis Was made of one intermediary or final 
product, which could serve as an index 
of the transformation brought about by 
the microorganisms. If the substance 
used was a protein, a protein derivative 
or a complex organic substance rich in 
proteins, ammonia was usually deter- 
mined, with the assumption that the 
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in the par- 


more active the microbes are 
ticular soil the 
duced in a given period of time, : 
sult of the decomposition of the protein. 
If the substance in question was an am- 
monium salt, nitrate asured 
the transformation product, with similar 
considerations. If the fixation of atmos 
pherie nitrogen was studied, an excess of 
an available source of energy, like man 
nitol or glucose, was used. Certain cor- 
relations were actually obtained between 
the fertility of the soil and the rapidity 
of transformations thus brought about, 
either in solution or in 

from the activities of the soil microflora 
and microfauna. It thus argued 
that the more active a soil is biologically 
the more fertile it is; nothing definite 
was known as to whether one was a re- 


more ammonia is pro 


was as 


mit 


soil, resulting 


was 


sult of the other or whether both wer 
influenced alike by the same soil con- 
ditions. 

; } 


(2) The dilution method, ted 
by Hiltner and Stérmer, in Germany, 
and Chester in this country, consisted of 
counting the abundance of certain 
physiological groups of bacteria, capable 
of bringing about certain definite trans- 


sugges 


formations. 

The second method was utilized only 
to a very limited extent. It was the 
first method that found extensive ap- 


plication, due largely to the simplicity 
of the procedure and to the fact that a 
knowledge of the complex soil population 
was nct required. The study of the com- 
plex soil population and its activities was 
thus reduced to a few simple manipula- 
tions, which could be carried out readily 
without any expensive equipment and 
without any extensive information con- 
cerning the numerous microorganisms 
inhabiting the soil and the complex bio- 
chemical processes carried out by these 
erganisms. Soon every agricultural in- 
stitution in every civilized country was 
devoting full or part time of one or more 
experimenters to a study of soil proc- 
esses, using the above-mentioned manipu- 
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lations, repeated manyfold under vari- 
ous conditions and in various manners. 
The general impression prevailed that 
whatever was to be known of soil micro- 
organisms and their role in soil processes 
was already known and that it merely 
remained to utilize the methods thus de- 
veloped, just as so many methods in ana- 
lytical chemistry. 

A considerable literature dealing with 
results obtained by these methods has ac- 
cumulated. Some of this information 
helped to advance our knowledge con- 
cerning certain soil processes, largely the 
transformation of nitrogen in the soil, 
the use of stable manures and green 
manures, the use of lime and other ques- 
tions related more to practical soil man- 
agement than to the solution of the fun- 
damental problems of soil science. The 
above methods of investigation of soil 
processes could not advance appreciably 
our knowledge of the fundamental soil 
processes, due to the fact that neither 
the organisms concerned nor the numer- 
ous intermediary processes were consid- 
ered sufficiently and the evidence accu- 
mulated could only be circumstantial 
and of local application. This was 
largely the reason that, within a decade 
and a half, there was a practically com- 
plete cessation of studies based on solu- 
tion or soil methods and a considerable 
reduction both in the number of experi- 
menters and in the literature on soil 
transformations. 

The same period (last two decades) 
witnessed a growing interest in the other 
members of the soil population, espe- 
cially the fungi, actinomyces and algae, 
belonging to the plant kingdom, and the 
protozoa and nematodes among the 
animals. 

One of the most interesting ideas, 
which served as a decided stimulus to the 
study of the complexities of the soil! 
population, was the protozoan theory of 
soil fertility proposed by Russell and his 
associates in England. These investi- 
gators limited themselves to the existence 
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in the soil of only two groups of organ. 
isms, namely, the protozoa and the bac. 
teria. In their investigations only 
biological process was studied, namely, 
ammonia accumulation in soil. Treat. 
ment of soil with volatile antiseptics a: 
dry or moist heat, known as partial st 
ilization, was known to result in an 
erease in the fertility of the soil. T 
inerease in soil fertility is aceompan 
on the one hand, by an initial reduct 
followed by a very rapid increase in t 
numbers of bacteria and an accumulat 
of ammonia nitrogen, and, on the ot 
hand, by a partial if not complete 
struction of the protozoa. Since prot 
zoa are known to feed upon bacteria 
idea was suggested that, in normal s 
bacterial development is kept in che 
by the protozoa. When these anin 
are destroyed by partial sterilization, t] 
bacteria develop unhindered and bring 
about an extensive decomposition of t 
soil organic matter, thus liberating 
valuable element nitrogen as ammc! 
which leads to a more extensive c! 
growth. 

Russell and associates thus succeec 
developing a unique theory of soil fert 
ity on the basis of the interrelations! 
of the protozoa and the bacteria. 

This theory led to extensive studies 
the animal population of the soil and 


] 


ied 


relation to other groups of soil microor- 


ganisms. The information obiained as a 
result of these studies can be summarized 
under three headings: (1) In addition t 
the protozoa, various other groups of s 
organisms, especially the fungi, were als 
found to be eliminated by partial sterili- 
zation of soil. An active competiti 
was found to exist between the fungi a1 
the bacteria for the available energy 
the soil, as represented by the soil or- 
ganic matter. (2) Treatment of soil 
with antiseptics actually does not de- 
stroy all the protozoa. (3) When prot 
zoa are added to bacterial cultures, un- 
der controlled conditions, the processes 
brought about by the bacteria are found 
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not to be injured, but are in many in- 
stances even stimulated. 

The microbes of the soil form so com- 
plex a population and take part in so 
many activities that it is futile to at- 
tempt to explain the various intricate 
soil processes by a simple theory based 
upon the interaction of two constituent 
groups of the soil population; it is fur- 
ther unlikely that one simple transfor- 
mation product can explain the complex 
series of processes resulting from the 
interaction of the mixed soil population. 

One acre of soil contains two million 
pounds, on the basis of only the upper 
six and one half inches of the soil. A 
pound contains four hundred and fifty 
grams. One gram of an average field soil 
contains : 

One hundred million to three billion 
bacteria, out of which only one to fifty 
millions actually develop on the plate. 

Ten thousand to one million fungi, 
representing both fungus spores and 
pieces of mycelium, the latter being es- 
pecially abundant in forest and in acid 
soils, 

Ten thousand to twenty million actino- 
myces also represented in the soil by 
spores and mycelium. 

Ten thousand to one million protozoa 
represented in the soil by the flagellates, 
amoebae and ciliates. 

Many thousands of cells of algae, in- 
eluding blue-greens, grass-greens and 
diatoms. 

Numerous nematodes, rotifers, insect 
larvae, ete. 

Among the transformations carried 
out by the bacteria, fungi, algae and 
actinomyees, it is sufficient to mention: 

Decomposition of celluloses, pentosans, 
proteins and other constituents of the 
natural organic matter added to the soil 
in the form of plant and animal residues. 


Assimilation processes, resulting in 
the building up of complex organic com- 
pounds by the numerous microorganisms, 
using the nitrogen compounds and min- 
erals liberated in the decomposition of 
plant and animal residues. 

Oxidation processes, resulting in the 
formation of nitrites, nitrates, sulfates 
and various oxidized organic compounds. 

Reduction processes, resulting in the 
reduction of nitrates to nitrites, am- 
monia, oxides of nitrogen and 
pherie nitrogen; of sulfates to sulfides 
and the reduction of various organic 
compounds 

Fixation of atmospheric nitrogen. 

Formation of various organic and in- 
organic acids, which interact with the 
mineral complexes in the soil, leading to 
a change in reaction, increase in solu- 
bility of insoluble compounds, ete. 

The presence of protozoa and other 


atmos- 


members of the animal population still 
further complicates the above processes, 
since these organisms feed on the living 
and dead bacteria, fungi and algae, as 
well as on the undecomposed and par- 
tially decomposed organic matter, and, 
later in their turn, also undergo decom- 
position. 

This soil population is so complex, the 
activities are so numerous, our knowl- 
edge is so limited, our methods are still 
so crude, that we are still unable to con- 
struct an intelligent system of soil proc- 
esses. The opportunities in this field for 
gaining knowledge, and adding valuable 
information, which is bound to be of tre- 
mendous scientific and practical interest, 
are great. The soil and the microbe 
await the investigator, first of all the 
chemist, the physicist, the biologist, who 
are not looking for practical gains but 
for explaining the cbscure and observing 
the unknown. The application will 
doubtless come. 











WHAT IS A POLITICAL ANIMAL? 


By Professor 


LAPAYETT® 


MAN is by nature a political animal, 
henee the state. Aristotle, who collected 
the first zoo, worked up this interesting 
bit of dogma twenty-five hundred years 
and through the centuries 
from sage to sage it is whispered as th: 
pass-word of The 
standard coin to which the small change 
of political thought is referred for valua- 
tion, it still retains full currency. In 
text-books, those universal thought- 
fossilizing mediums, it is usually pre- 
served in original form. 

Man is by nature a religious animal, 
hence the church. Man is by nature a 
vicious animal, hence vice. Man is by 
nature ruminative, hence chicle. All as 
plain as spirit writing—and no more 
satisfying. 

Disraeli, walking in the garden with 
Dean Stanley, interrupted the good 
dean’s rant against dogma: ‘‘ Remember, 
dear dean, No dogina, no dean.’’ Then 
who can blame the high priests of polit- 
ical science for turning a stony face upon 
reason and spurning the simple idea that 
the state is a common law corporation— 
too simple an idea perhaps for serious 
pedagogic purpose? Their apology, 
however, is not far to find—that much 
they have written out: Simply, in all his- 
tory there is no record of such a cor- 
poration’s being formed! 

Now a flounder or a sole has both eyes 
on one side of his head; and biologists 
have a convenient agreement that it was 
not always so: that the flounder, travel- 
ling continually on one side, with one 
eye in the sand, found it more convenient 
to have both eyes on the upper side of 
him. Yet the biologists, quite as sober- 


ago. down 


political scientists. 


EZRA BOWEN 


COLLEGE 


minded and honest as political sei: 
have no documentary evidence of : 


ing of soles off the coast of Normar 


or of Provincetown flounders—to di 
against the one eye to a side idea an 
all eyes up all the time. Why, 


should the political scientist requi: 
photostat of minutes showing a r 
tion, properly moved and 
creating a superior will from surrend 
fragments of individual free will 
superior will to prevail in any ec 
with the individual? 

‘*Am I to believe that the beaut 
human eye with the light of the 
shining through was descended fro: 
freckle?’’ Now we are quoting 
Bryan, W. J. Of course we did not 
pect Mr. Bryan to come to so close a ¢ 
with the divine, nor did we expect 
to believe that the resultant force 
infinity of circumstances, working 
an indefinitely great number of y: 
produced the lantern of the fire! 
‘Whereas, we the United and Frater 
Order of Night Flies have experie1 
great inconvenience and some dange! 

ete., ete. Be it resolved that « 
and every member of the Order be r 
quired to carry a small, intermittent, col 
light in the posterior portion of his p 
son, ete., etc.’’ No, Mr. Bryan, we « 
not produce that evidence. Nor can 
put before the orthodoxy of political s 
ence a bundle of musty papers detailing 
the agreement whereby any one of t 
thousands of common law corporation: 
called a state come into existence. W‘ 
know only that states, huge masses \ 
fabricated will-power, expressing them- 
selves through an organization of on 
46 
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form or another, exist and have existed 
as tar back as history ’s dull nose holds 
the scent. 

A seience is an estimate: All substance 
is composed of earth, air, fire or water. 
That is not true; but it was true—as far 
It was the 
most reasonable explanation of things at 
All matter is 
composed of indivisible, infinitesimal, 
ultimate particles called atoms. This is 
not true, but it was true—as far as any 
science is ever true. We of the present 
generation, sacrificed on that altar, 
burned our candles and mumbled the 
ritual. Again, Newton’s law of gravi- 
tation is not true: It is practicably true, 
but not perfectly true. (At least, that 
is what Einstein tells us.) All knowledge, 
all scientific law is merely the current 
estimate of things and their workings— 
a temporary working agreement among 
the experts. Political science needs a 
new estimate, a new working agreement 
as to the nature of the state. Man is a 
political animal, hence the state—that 
estimate of the state is as old-fashioned 
as an earth-air-fire-and-water theory of 
matter. 

Imagine a populated area where no 
political arrangements exist; then com- 
pare this with a known example of a 
primitive tribal state; the net difference 
is the concept or idea, the state. Is it not 
clear that this difference could come into 
our original situation only through the 
formation (implicit if not explicit) of a 
common law corporation, an artificial, 
imaginary entity imbued with power ex- 
pressed through organization? This or- 
ganization is government. The donated, 
isolated mass of power is the state. It is 
human power. No additional human 
power could come from without. It must 
then have been fabricated from frag- 
ments of free will surrendered by all in- 
eluded individuals. Each individual 


as any science is ever true. 


the time of its currency. 


(we are speaking figuratively now, Mr. 
Bryan) whittles off a portion of his free 


will, his right to act out his mind. Hi 


pools this with similar bits of free will 
surrendered by all whom inclination 
circumstance force into his group. The 
new, artificial, pooled will, an external 
irresponsible, planetesimal mass of v 
power, is the stats 

It is probably true that the prot 
state was the family, that it was 
by the necessities of regenera ! 
subsistence, that organization or gover 


ment came in only 


eration to further these fundament 
ends; but these facts do not forbid our 
considering, in a purely political stud 


that we are dealing with a purely poli 
ical growth. The advantages of organi- 
zation, vitalized by 
would have sufficed to bring forth suc! 


} 
delegated pow 


units without the biologic-economice 
That political 
within an already living body ought not 
to obscure the fact that they could have 
formed a body of their own. On this 


tertiary sinews grew 


warrant do we postulate the fabrication 
of an imaginary person, a common law 
corporation, the state, exercising certain 
specific, delegated functions through its 
agent or system of agents, the govern- 
ment, according to formulated rule and 
accumulating custom, the law. 

Let us be more specific: Here is a pri- 
mordial settlement in a luxuriant nat- 
ural basin. From hill top to hill top, the 
basin is twenty miles across; it supports 
a population of a hundred persons. 
Every one is free, totally and dismally 
free. Free as the fox under the hill, free 
as the wolf, the grasshopper or the but- 
terfly. There is no law, no government, 
no state. There are a number of sem}- 
observed courtesies and conventions not 
unlike our present international ‘‘law 
But when passions rise and reason falls 
a prey to ambition these courtesies and 
conventions are forgotten. 

One canny and far-seeing soul gathers 
a hoard of succulent roots, stores them 
in a cave for the winter. Two covetous 
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beasts of fellows plot, kill him and take 
the roots. Every one hears of it. It is 
deplored. The killing of a man is de- 
clared bad form. How can any one col- 
lect roots or otherwise provide for life, 
if it is but to court a violent end? Again 
and again this killing nuisance breaks 
out. Free expression of every impulse 
is manifestly bad. The exercise of free 
will in the taking of life or property 
must be surrendered by all individuals. 
It must be pooled: trusteed. <A conclave 
is held. The right to kill and the right 
to take are placed in trust. Many object 
to this rank interference with personal 
liberty. But they are taken outside and 
their heads are cracked—a fitting initial 
exercise, by the trustees, of the newly 
created, pooled mass of power. 

The trustees may be the whole people. 
That would be a democracy, a town- 
meeting government. Or a group of rep- 
resentatives may exercise the power—a 
republican form of government. Or 
there may be but one trustee (L’etat, 
e’est moi), a great, burly, hoary fellow, 
strangely but pleasantly honest, even and 
reserved. Probably the single chieftain 
ruling alone was the earliest form of gov- 
ernment, and all primordial states were 
family or clan matters. 

We admit there is no serap of histor- 
ical evidence of such a meeting of minds, 
and we let the truth of our theory rest 
solely upon the fact that it explains— 
offers the best working explanation of 
the state. The most elderly and re- 
spected of theories in whatever science 
has no higher claim to place. 


Can zoologists prove an agreement 
among sea lions that flippers front and 
nothing rear were better than four legs 
—or furnish documented description of 
the drawing in of pedal extremities and 
the webbing over of digits? And per-. 
haps their explanation does not follow 
the pattern of perfect truth. All turn- 
ing-points in science shout denial. Per- 
fect truth is as indefinite as the ether, 
but quite definitely, the history of sci- 
ence is a graveyard of things less perfect 
But here is the present working agree- 
ment among specialists in zoology. 
Within their experience, it works, it ex- 
plains. From the long range point of 
view it is only workably true; but for the 
moment that is now passing since nothing 
better offers, it is, in merely scientific 
sense, absolutely true. The earth-air-fire- 
and-water theory of matter, the atomic 
theory of matter, the proton-electron 
theory of matter, all true in their day- 
true as long as they offer the best avail- 
able working explanation of things—are 
superseded when something new wins the 
confidence of sane minds. 

Man is a political animal, hence the 
state—this theory of the state was true 
from Aristotle to Gettell. Lazy, pre- 
sumptuous and very thin, still it formed 
a working agreement. But a common- 
law-corporation theory of the state 
throws far more light upon the essential 
nature and workings of the state. It is 
a working explanation. For to-day, true 
—true because it polarizes, arranges 
about itself, the facts of political life 
more neatly than any current ex- 
planation. 
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OYSTER FARMING 


By HERBERT F. PRYTHERCH 


+ 


ou partake of a piping hot oyster 
SIX cool delicious bluepoints on 
shell, it may interest you to 
w this shellfish has been pro 
| oyster industry of the United 
mM . constitutes Its most valuabl 
shery, yielding annually about 73,000 
s of food, employing over 65,000 per 
sons, and producing each vear a crop 
at over $14,000,000 as it is taken 
the water. The oyster fishery is 
lueted in every seacoast state trom 
{ ‘ Cod to the Rio Cirande and from 
“eet Sound to San Francisco. 


t grow In the open sea, 


(rysters do ho 
n harbors, bays, river mouths, or i 
partially enclosed bodies of water 
are made brackish by the drainag 
resh water from the land. In sue 
s, as for instanee, Long Island 
Sound and Chesapeake Bay, the mixture 
resh and salt water furnishes the con 
ons which are necessary and favot 
for oyster growth and propagation 
[he oysters that are produced in. thi 
ted States com from two main 
sourees, namely, the natural beds and the 
iltivated beds. 
lhe natural oyster beds, covering mil 
ns of aeres of bottom in our eéoastal 
ters, represent a great national re 
ree, but like most of our natural re- 
SOUTECeS they have become sadly ce ple ted. 
When the first settlers came to the shores 
\merica, one of the most impressive 
eations of the richness of the new 
was the great abundanee, the large 


and the excellence of the oysters 


me of the Smithsonian series of radio talks 
ged by Mr. Austin H. Clark and giver 
Station WRC, Washington. 
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A NATURAL OYSTER 


few touching each other. In 


ovster culture and oyster farming this 


th very 


nteresting attachment or setting period 
n the life of the oyster is of prime im- 
portance. Man has taken advantage ot 
this habit by placing old shells and other 
suitable ebjects in the water to which 
attach 


and thereby he is able to collect 


the ovster them 


} 
selves, 


larvae readily 


ind save vast numbers that would other 
wise be lost. By placing shells on firm 
the adult 


natural beds he is able on the grounds 


toms neal oysters or tli 
he has prepared to obtain a considerable 
From the first ex 
made with the planting of 
shells in East River, N. Y., in 1855, the 
vrown 


erop of seed oysters. 
periments 
culture has 
the 


ovsters 


tee of oyster 
st ly until at present 
of the produced in 
country come from privately owned and 


0} ted artificial 


time over 


this 


beds. 


Beginning in 
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THE COAST OF TEXAS 


waters along shore, the 


the shoal 


rrowers have ext nded the Ir Operations 


into the deep open waters of Long Is 
land Sound and Chesapeake Bay, con 
verting thousands oO] acres ot Lise less 


bottom into valuable food-producing 


areas. The modern oyster farmer, after 
acquiring 


many acres OF su 


merged wttom, 


econduets his operat ns 

along the following lines 
The grounds are carefully 

] 


dredging them old shells, débris 


from 


and natural enemies of the oyster, such 
as starfish, conehs and drills. On part 
of the grounds adult oysters are planted 
for growing purposes and also to serve 
as a spawning bed In the early si 

mer just previous to the time-oft spawn 
ing, thousands of bushels of old oyster 
shells from the shueking houses are 


planted on the grounds in the vicinity 
1) 


of the spawning beds; usually from five 
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PORTION OF AN OYSTER REEF ON THE COAST OF GEORGIA 


hundred to one thousand bushels are 
used per acre. After the shell planting 
IS completed the beds are left undis- 
turbed for the remainder of the summer, 
the oysterman spending most of his time 
overhauling his beats and equipment. 
In the early fall an inspection of the 
shells is made to determine how heavy 
a crop of seed oysters has become at- 
tached to them. 

If there is no danger of this new crop 
being buried or washed ashore by the 
fall and winter storms, they are left 
there until spring, at which time they are 
transplanted to the growing grounds. 
The growing grounds are generally 
located in deeper water and are known 
to be areas unfavorable for oyster re- 
production so that oysters plaeed there 


are not covered and overerowded by sue- 


cessive generations. On _ these 
the seed oysters are given ampli 
for growth and reach marketabl 
from two to five vears, according 
locality in which they are grow! 

The oyster farmer from vears 
perience has learned that not onl 
some areas favorable for collecting 
and others for growing the oyste1 
that still others are exeellent for 
tening them. From six months 
vears previous to the time of mai 
the ovsters are placed on these fatt 
crounds, where with clean water a) 
abundance of food they become fat 
der and rich in vitamins and n 
salts. 

The oyster in feeding opens its s 
creates a current of water throug! 


gills, and filters from the water pas 
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OYSTER 


of minute plants 


iatoms, Which are its principal 


thousands 


‘ 
means of a new apparatus in- 

n the laboratory of the Bureau 

, sheries, it has been possible to 

accurately the amount of water 

the oyster drinks. Feeding for 

; twenty hours a day, the oyster 

uses approximately three quarts of water 

per ir at a temperature of 70°, or, in 

| words, fifteen gallons per day, 
af) vhich it extracts more than 99 per 
cent. of the suspended material and food 


snow the magnitude ot this process, 


is make the following comparison : 


Det 
The District of Columbia uses sixty-five 
million gallons of water daily, vet this 


unt would be consumed in the same 


Tht 


period of time by the population of an 


} 


wvstel hed only one tenth the size of the 


White House grounds. Many of our 


natural ovster beds which are as large 








FARMING 


YSTERS SPAWNING NATURALLY ON A TRAY IN A 


basin 


the tidal 
thousand times 


as Consume 


as much watel 
by the entire District of Columbia. 


\s the temperature of the water be 


comes lower in the fall and winte) 
feeding activities of the ovster become 
less, until at a temperature below 44° it 
ceases to take in water and goes into a 
state of inactivity o1 hbernation This 
period of hibernation asts until th 
water Warms up again hn the spring 
when the oyster resumes teeding 

The ovsterman, in gathering S ¢ 1) 
in the cook r weathe rom Ss Nf lected 
maturing beds, brings the oysters to 
market when they are in the best possibl 
condition. The chief method emp oved 
in taking th O\ sters trom thi heds Ss The 
use of a dredge which is drageed over 
the bottom. Kach gasoline or steam 
driven boat usually operates from two to 


four dredges, With whieh if Is capable of 


gathering from one. to ousand 


bush Is ot OO’ sters yr l day 





LARGE SPAWNING TANK 











daily Three 


aus is Used 
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QUAHOG 
TACHED, 


SHELL TO WHICH 
AND A PORTION 
VIDUAL 


THOUSANDS OF 
OF THE SHELL 


YOUNG; GREAT SOUTH 


YOUNG 


ENLARGED 
BAY. LONG 


OYSTERS 


SPA‘ \ 


SHOWING THI 
ISLAND 











A BOAT 


LOAD OF BRUSH 


GREA 


A eres 





PREPARED FOR T 
T SOUTH BAY, LONG 


HE CATCHING OF 
ISLAND 





OYSTER 














OYSTER 






shell-planting and the 


_—— een the 
an interval of from two to five 


he oyster larmer assumes many 


on, 


s In northern waters, with w 
hle weather conditions, he often 


to obtain a crop of oysters on the 


. il he had planted; while in the 
~~ q ‘ ' : ‘ 

s Atlantie and Gulf waters the erop 

' . en So heavy that the oysters ar 


owded, poorly shaped, and suffe 
ack of food. They are never sat 
their natural enemies, one of th 
rst of whieh is the eommon starfis] 
; whi wraps its arms about the ovster 
ills the shells apart and, by turning its 
stomach inside-out. absorbs the ovster as 
lies within the shell. The planter 
fights the starfish by dragging over the 


beds large mops of rope varn. The star 





fish become entangled in the threads and 


, | § are drawn up and killed by plunging thi 


' * mops into vats ot hoiline water placed 





—— S on deek. 


The drill, or borer, a little marine 
snail. is another destructive enemy, 


vhich, using its tongue like a rasp, bores 
; ole through the shell and licks the de 
ot > licious meat within. In southern waters 


} 


schools of drumfish invade the beds and 
ed on the oysters by grinding them to 
ragments between their powe rful teet] 


Flood waters from the land and storms 
rolling in from the sea take a heavy toll, 


! { ther killing the OV sTers by subjecting 





+} 


em to fresh water for prolonged peri 
ods, or burying them in the bottom by 
powerful wave action. 

In spite of the extensive deve lopment 
ol oyster culture, these and various 
other factors have brought about a con- 
Stant depletion of the oyster beds, both 
natural and cultivated, resulting in an 
alarming decline in the productiveness 

our great oyster fisheries. 

In order to determine new methods for 
ntaining and increasing the supply 
ysters, extensive studies and experi 





ts have been made by the Bureau of 





erles in Massachusetts, Connecticut 
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L 
OYSTERS ON A TREI YOUNG OYSTI 
ATTACHED TO A r OF BRUSH i) 
CAROLINA 

nd various oft coastal states 
methods have been developed for iner 
ng the production of seed oysters, s 

( decrease Ot These as heer one 
prineipal causes the decline o 
industry 

(One met l sists n Ist 
brush lor collee O e seed Ovsts 
the tidal flats nh other words 
oTrowlng OL ovyst s on trees \ s 
time before the sters spawn bran 
from four to elg long ar 

into the botton rranged in ¢01 
stacks. In a w or two the ovys 
larvae becom ehned to them, tf 
sands covering eae] brane! The olloy 
ing spring the branches are either tr 
planted to growing grounds, or the « 
ters are detached from them and plant 
singly. There are many advantages 
using brush, ¢ of which are that 


utilizes soft 
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CRATES 


FILLED WITH OYSTER 


vear it will disintegrate or be destroyed 
by shipworms, so that the seed oysters 
attached to it break apart as single indi- 
viduals. 

The idea of using brush is not new, as 
it was first used by the Romans about 
the 
method is still practiced on the coast of 
Italy and in 


Also in 
{ red 


time of Julius Caesar, and the 


other parts of Europe. 
Australia, the tidal flats are cov- 
with mangrove sticks, while in 
Japan the grounds appear like forests of 


The 


whieh 


bamboo heavily laden with oysters. 


birch and oak brush plantings 


were made in Milford, Connecticut, and 
in Georgia, were successful, and clearly 
indicate that in the United States, espe- 
cially in southern waters, brush can be 
commercial seale 


used on a_ practical 


and will give excellent results. 


SHELLS, 
YOUNG OYSTERS, 


PREPARED FOR THE COLLECTION 
OR SPAT 
During the past summer an ent 


new method Was deve loped tor the 
trol and production of seed oyst: 
consists eSSNC] 


northern waters. It 


in the establishment of spawning b 
bays, harbors and river mouths, a1 
filled 


she lls tor eol le etineg the O* ster seed 


planting nearby of crates 


erates were constructed of 


spruces 


} 


were triangular in shape and held 


Milford H; 
Connecticut, and Wareham River, 
sachusetts, four hundred erates we 


bushels of shells In 


out and these collected over five m 
The advantages ot 
that eight or ten 


more seed oysters can be produced 


seed oysters. 


the erates are: 


given area than by the ordinary m 
of shell planting and that they ¢ 
placed on barren mud flats and 
the 


direct ly 


bottoms or over 


spaw 
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STARFISH MOP, USED FOR THE REMOVAL OF 


BEDS; MILFORD, 


thereby obtaining the maximum 
the limited inshore areas. 


Further studies of the oyster, its life 


Story and environment are he Ing mace 


CONN Ef 


SO That 


eulturist, 


STARI 
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Tee his eCroD by 


tifie met] 
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WATCHMAKERS AND INVENTORS ° 


By CARL W. MITMAN 


ATIOD 


one ot our mode rh encyelopedias 


IN 


statement that more basic 


apy} 
inventions, 


ears tl 


exer pt those in H le etricity 
and industrial chemistry, are the results 
watch and clock makers than 


It is a 


of efforts ot 
ot 
statement that I can hardly doubt, for I 


any other professional group 


could consume much time by giving 


simply an alphabet} 
list 
basic mechanieal expt ri nee was that of 


eal and chronological 


of the names of inventors whose 


watehmaking 


We are all pretty generally agreed 
that the world to-day is a rather pleas 
ant place to live in, particularly the 
United States, and were we to make a 


seareh tor the Causes baek ot oul present 
standards of living we would eventualls 


basie ones: first, our wealth of 


find thre 


natural resources; second, our intensive 


application of mechanieal power and 
tools in the exp oitation of these re- 
sourees; and third, the thorough devel 


f our transportation 
ot 


opment oO systems 
the 
(ur resourees were placed here 
the thie 
awaited diseove ry by our aneestors, but 
it Watt his 
the si parate condenser who made 


bl 


engine, 


for distribution commodities. 


during 


formation of earth and simply 


was James by invention of 


POssl- 
the development of the true steam 


which, in turn, brought about 


what is sometimes ealled ‘‘the industrial 


revolution,’’ from which time mechani- 


eal power and mechanieal contrivances 
gradually replaced hand power and hand 
applances. 

Whether the story of Watt and the tea- 
is immaterial. 


kettle is authentie or not 


1 One of the Smithsonian series of radio talks 
arranged by Mr. Austin H. Clark and given from 
Station WRC, Washington. 


aT 


' 
SFUM 

We know that his father’s busin 
selling ship’s supplies in Glasgow, 
land, did not appeal to young Watt 
he went to London and paid the s 
$500 a year to a master of the W 
makers’ Guild for instruction 
watchmaker’s art. After an appr j 
ship lasting two years he had adv 
on his own ability to such an extent 
he set up shop in Glasgow as an i 
ment maker. His chief work was tf 
repairing and constructing the sei 
instruments used at the Universit 
Glasgow, and on one occasion a wo! 


model of a Neweomen atmosphel! 

gine was sent to him for repairs 

was the first steam engine that Watt 

ever seen, and it was while worki 

it that he made his diseove rv that 

use of a separate vessel for cond: 

the steam greate? efficiency ina " 
work could be obtained from t \ 


eomen engin 


look back 


As we to-day, We S 
that the most direct effect of W 
invention was the gradual develop: 


of machines to replace hand labor 


ing employment to many where forn 


there were openings for a te Ww. WI 


result that in a comparatively s 
time the production of industrial 
modities inereased. This inereas 
turn, brought to light the shortcon 
and the inadequacy of the prev 
means of transportation. A few fea 


men in England boldly suggested thi 
of steam engines on wheels as a solut 
to the problem and proceeded to | 
their claim Ric 
Trevithick was one of these individ 
but the he built v 
unable to stand the test as to their 


engines to prove 


locomotives that 


nomie value. 
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WATCHMAKERS AND INVENTORS G1 
\ ithe Enelishmar who believed HS f} t\ year pel ‘ ‘ vine thes 
lrevithick was George Stephenso) the Declaration of Independe) 
was he who constructed a locom: it Was physical vossibl 
which definitely proved the supe! is It were, to be working o1 
of the steam engine over the hors: Ing the same dle; vithou 
brought about the beginning of th edge, one of 1 ot he IK 
n horse era.”’ Ste phenson received we do to-d v 
early training about the coal mines id on ou = on 
( north of Eneland, first as a pump olMnine ¢ the nineteent eent 

¢ engine man and later as an enginee} with seorn and derision upor 

Ss wages were very low : he appreciated who advanced w tt nN 
value of an edueation which he did were mpossibli eas 
possess; and he was most anxious whether mu this skeptieis 
his only son should be educated. He ideas has entirely disappeared | 

secured whatever extra work and mone) day 
eould, which came mainly from thi vou Ww were twent e or ove LO 

r of the timepieces of the towns Thought ot the n vho we 
ple in the several towns in whieh he in fly neo mar nes t \ Se < 
: ed It was through the experienc such as this that undoubtes 
ch he thus gained, combined wit s United States the eredit « 

<periences with the Neweomen and tion of the ecomotive 

Watt pumping engines, that he was e 1786. Oliver Evans. of P 

bled to develop and eonstruet in 1825 asked the eoisiatur ( Pe 
e locomotive ‘*‘Locomotion,’’ the first and later that of M 
actical steam locomotive in the world right to ope te ¢ rages 
Several years ago I came across a littl steam on tii yIWaVSs Sey 

squib whieh illustrates rather well thi was by thousands ¢ miles « 

elationship which now exists betwee) Kneland, it is not rd to be 

e manufacturing and transportation s work was original 

ndustries. It went something like this an improvement on somet L 

- “My son, the chickens we eat all come been developed elsewhere. The Pe 

m little eggs.”’ ‘“*That’s funny,”’ vania legislature refused E 

sald the son. ‘‘] always thought it was but the Marvland legislatw 

just the reverse.”’ In other words, thi on the ground that 1 rm e¢ou 
inufacturer to-day must have a trans done anvbod) But with this 
tation service and the transportati tie grant no eanpital was obt ed 
dustry must have goods to carry atte) ( | iil ’ 

Both of these industries reeeived then steamboat in 1804, put wheels u 
petus from the discoveries and work and ran it throue the streets ¢ , 
Watt and St phenson, whose echiet delphia as proot of the soundne 

ining was that of watchmaking. and ideas. and d gone so , R 
have advanced and developed mate $35.000 that he eould build stean : 
lly through the discoveries and efforts to run on a level road against 

men of like training norse anv one could produ 1] 

It is rene rally eoneeded that many treaties fell on deaf ears, and it ree 
discoveries are the product ot Se\ t he Importation 9 ocomot 
brains, and while this may be tru England twenty-five vears late 

our day of almost instantaneous com vinee a very few that the st 

nication, it can hardly be said of the tive not only ¢ ild move wit it belng 
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ORIGINAL MODEL OF 
LOCOMOTIVE 


CREDITED TO OLIVER EVANS, OF PH 




















ELIAS HOWE’S SEWING MACHINE, 


pulled by a horse but that it could trans 
port merchandise more cheaply than the 


horse. 


The eonstant hammering which 


publie generally in our own 


reeeived from such men as Evans, Dear 


born, Stevens and Cooper broug 


gradually the acceptanes Or the 


] 


that the railway was the best mea 


; 


obtaining better transportation 


The people were not eony need 1 


steam locomotive should be the p 


used Several of the railroads. e 

the Baltimore & Ohio and the S 

Carolina, had already recelver i 
charters and were planning to ins ; 
horse drawn carriages, whe n, as a re : 
of the sueeessful trials on the Balti 

& Ohio tracks of an experimental 

motive, built by Peter Coopel in Is | 
he being financially able to prove 

assertions as to the steam locomotiv: 

Baltimore & Ohio changed its plans k 
offered a prize of $4,000 for a steam 





motive capabl ol pulling fifteen tons 
the rate of fifteen miles an hour. h 


time the company received five loc 





tives, two of which were made by w 
makers in Philadelphia, namely, St 
Costell and Ezekial Childs. 

The radical policy of the Baltimore & 
Ohio Railroad in ordering a steam 
motive, coupled with the faet that 


Delaware & Hudson Company ' 
ordered four locomotives from Eng! 
aroused more and more publie int t 


in the steam locomotive, and in 1829 1 
Philadelphia Museum’ endeavored 
satisfy this interest by exhibiting a w 
ing model of a locomotive. The musi 
secured the services of Matthias 
Baldwin to build it. Baldwin y 
watchmaker and just prior to this 
had enlarged his establishment to m 
facture bookbinding tools and mae 

for calico printing. He had also 
completed a miniature steam ene 
The model locomotive he built for 
museum drew two miniature coac 

a cireular track. As a result of 
work and the skill which he showe 
the construction of the model, 
cials of the newly organized Phil 
phia, Germantown & Norristown R 
road Company sought Mr. Baldw 


ET on 





ety nal 
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BALDWIN 


MATTHIAS W. 


ee ee 


be 





the eonstruet ion 


sel ces in 


ot 


a full 


sized locomotive for their railroad Lhe 


and built ‘‘Old 


cect nted 


1832, and its trial marked the 
ment by steam on a railroad i 


Pennsylvania. Baldwin 


[ronsides,”’ 
‘+h was tried out in the latter part of 
first move 


1 
the 


State 


thereatte 


cont nued building locomotives and or 


ganized the well-known 
motive Works. 
\bout the 


time Oliver 


Baldwin 


Evans 


Was 


iding for capital to build his steam 


DD lled road Ve hieles, John Fiteh Was 


iding for capital to build 

When quite young he 
apprenticed himself to a 
This 


who 


watehmaker. man, 


Ss of t] e 


type 


he lie ved 


a steam 


ft home 
‘onnectl 
howeve ce 
that to 








an apprentice anything would 
ease the amount of work accruing to 
self, and he kept 
s under lock and key and did 


r work as far Fitch as 





accordingly his 


NTHALER 


l ~s 


his O'1 


away from 
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invented the first 
United States 
is still 
requirements ol 


1852, in 


i LSo0 


yvears, Who 


automatie the 


for gradu iting 


machine nm 
rules and which 
meeting all the 


troduced the vernier calipe r reading to a 


in use, 
modern accuracy too, In 
thousandth of an ineh and built the first 


While ap 


Boston wateh and instru 


universal erindinge machine. 


pre ntie d to a 


ment maker, Elias Howe overheard a 


customer remark that a fortune awaited 


| 
+ 


the man who sewing 


1846 


ie received his sewing machine patent. 


eould invent a 


machine, and four years later in 


The reams of printed matter available 
to us to-day, whether books, magazines or 
possibli by a 


States. Ottmar 


made 
| nited 
Mergenthaler, who emigrated from Ger 


hewspape I's, wert 


eitizen of the 


many in 1872 with nothing but his com 


pleted apprenticeship as an 


expert 


watchmaker and thirty dollars in eash. 


Twelve years later he successfully dem 


onstrated his new idea of setting type 


mechanically and subsequently offered to 
thre 


world the linot ype 
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| believe vou wi 


of the watchmaker, as ; 


fully versatile. As 
this, let m« 


a watehmaker 


more than a hundred years ago. 


one else. ot 


his death 


agret 
a turthe 
close with the 


com post ( 


course, filled 
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TYNDALL’S EXPERIMENTS ON MAGNE- 
CRYSTALLIC ACTION’ 





By Sir WILLIAM BRAGG, F.R.S. 


In 1845, Faraday made the surprising 
discovery that the vast majority of sub- 
stances, not merely iron, nickel and co- 
balt, are affected by a magnet; and 
showed also that the action is repulsive 
quite as often as attractive. Faraday’s 
results excited the greatest interest and 
were the starting-point fer many other 
researches. In fact, they paved the way 
for the work of Thomson and Maxwell, 
who eame thereby to the establishment 
of the laws of electromagnetism. Among 

many workers who followed Faraday 
was Tyndall, who made certain interest- 
ing discoveries relating to the behavior 
of erystals in the magnetic field. 

A very lively discussion sprang up as 
to the mode of interpretation of the new 
discoveries, particularly that of the so- 
called diamagnetism. On one hand, Far- 
aday was satisfied that he could describe 
them in terms of his ‘‘lines of force’’ 
the majority, ineluding Tyndall, re- 
ferred everything to the existence of 
poles, magnetic and diamagnetic. Tyn- 
dall’s experimental work, and the conse- 
quences which he drew from it, were de- 
voted to the support of these views. 
When Faraday’s conceptions prevailed 
it beeame clear that Tyndall’s interpre- 
tation of his own experiments must have 
been incorrect. His collected account of 
his researches, published in the well- 
known ‘‘Diamagnetism and Magne-crys- 
tallie Action,’’ never became a link in 
the chain of argument. 

The recent analysis of crystal struc- 
ture by means of X-rays throws some 
new light on those experiments of sev- 
enty years ago. We can see more clearly 
where Tyndall’s conclusions were in 
error. But at the same time the experi- 


1 Discourse delivered at the Royal Institution 
on Friday, January 21, and printed in Nature. 


ments of Tyndall are seen to be closely 
related to a modern research of immense 
importance, that of the effect of stress on 
the constitution and physical properties 
of materials. 


FaRADAY’S First OBSERVATION OF 
DIAMAGNETISM 

On September 15, 1845, Faraday madé 
one of his most important discoveries, 
that of a relation between magnetism and 
light. He found that when plane polar- 
ized light was made to traverse a piece 
of his ‘‘heavy glass,’’ a borosilicate ot 
lead, in a direction coinciding with that 
of lines of magnetic force, the plane of 
polarization was rotated. He had thus 
been successful in showing that the ae- 
tion of a magnet did not require the co- 
operation of a magnetic substance such 
as iron for its manifestation, but might 
be directly connected with a substance 
of a different kind, namely, glass, and a 
different activity, namely, light. In the 
following months he tried to find some 
other connection between magnetism 
and this glass. He floated his glass on 
a liquid and tried whether he could move 
it by a magnet, without result. But on 
November 4 he succeeded in his search 

The bar of heavy glass, 1 6/8 of an inch long 
and ... 2 of an inch square, was suspended 
by coeoon silk in a glass jar in principle as 
before and placed between the poles of the last 
magnet. When it was arranged and had come 
to rest I found I could affect it by the mag 
netic forces and give it position. Thus touch 
ing diamagnetics by magnetic curves and ob 
erving a property quite independent of light 
by which we may probably trace these forces 
into opaque and other bodies as the metals, ete 

If 1 was the natural position on making the 
poles magnetic the glass swung into position 2 
and on to position 3. If contact was united 
after 2 the tendency to 3 was diminished, ¢.e., 

2 Not filled in, but from other notes we know 
it was half an inch square. 


65 








66 THE SCIENTIFIC MONTHLY 


was less than if there was no current. If whilst 
swinging contact of current was continued dur- 


ing vibration from 1 to 2 and broken from 2 


to 3, then united from 3 to 2 and broken from 
2 to 1 the bar was soon sent spinning round the 
whole circuit. 

The word ‘‘diamagnetic”’ is here used 
to denote substances through which, on 
his views, magnetic lines were passing. 
It is not yet used as an antithesis to 
‘‘paramagnetic.’’ His new result obvi- 
ously gave him intense pleasure, and in 
following it up he was so preoccupied 
that he did not even go to the meeting 
of the Royal Society on November 20, 
when his paper on the ‘‘ Action of Mag- 
nets on Light’’ was read. 

We can easily repeat the experiment, 
using a piece of the same glass taken 
from the store left by Faraday. It is 
not the actual piece, Number 174, as he 
tells us in his notes, for this can not be 
found. The glass turns slowly in the 
magnetic field, and its motions are obvi- 
ously controlled by switching the current 
off and on. The glass tends to set itself 
across the lines of force running from 
pole to pole, not along the lines as a 
piece of iron would do; and obviously 
the effect is very small as compared with 
the violent movements of iron in the 
same circumstances. 

The action may be described as a re- 
pulsion ef the glass by the magnet; and 
sometimes the early workers on the sub- 
ject constructed apparatus specially de- 
signed to show the repulsive effect more 
obviously, and to distinguish it from a 
mere turning action in a magnetic field, 
if indeed this could be done. We can il- 
lustrate this point, and at the same time 
the diamagnetism of bismuth, by using a 
piece of apparatus constructed by Tyn- 
dall. 


Farapay’s First EXPLANATION OF 
DIAMAGNETISM 


Faraday at first suggested that the 
diamagnetic effect was the antithesis of 
the ordinary magnetic effect. <A piece of 
iron when placed between two poles be- 


came so magnetized that a south | 
developed upon it in that part whic , 
nearest to the north pole of the in 
ing magnet and vice versa. Farad 
suggestion that the diamagnetic « 
stance developed north and south 
where a magnetic substance would | 
developed south and north, respect 
was taken to be a satisfactory exp] 
tion. It was the constant endeay 
later experimenters to express thi 
sults in accordance with Faraday’s | 
pothesis: even when development 
reached a stage some distance ahea 
that deseribed in the original 
(Phil. Trans., 1846, p. 21). 

Faraday was himself the first t 
doubts as to the satisfactory natu 
his explanation. His early results ; 
conveniently be described as showing 


exact antithesis between two classes 


where one was attracted by a mag 
the other was repelled; where on 
itself in a certain direction in the 1 
netic field, the other avoided that di: 
tion as much as possible. It see 
proper to describe them as being in e 
antithesis to each other, and the 
diamagnetism was adopted as a mea 
expressing the experimental result 
He prepared a list of substances w 
showed varying degrees of respons 
the action of the magnetic field, and ¢! 


plan of the statement illustrates his firs 


views (‘‘Experimental Researches 

Series XXI, No. 2424): 
Iron Alcohol 
Nickel Gold 
Cobalt Water 
Manganese Mercury 
Palladium Flint glass 
Crown-glass Tin 
Platinum Heavy glass 
Osmium Antimony 
0° Air and vacuum Phosphorus 
Arsenic Bismuth 
Ether 


It is to be observed that those pr 
ing air and vacuum are to be consi 
above zero or magnetic, those suce¢ 
below zero or diamagnetic, whic! 
meant to imply a true antithesis. 
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(‘* Experimental 
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In December, 1845 
Rest arches, ’’ XXII 
Faraday writes: 


Series 


Theoretically, an explanation of the move 
ments of the diamagnetic bodies, and all the 
aynamic phenomena consequent upon the ac 

f magnets on them, might be offered in 
supposition that magnetic induction caused 
em a contrary state to that which it pro- 
ed in magnetic matter; i.e., that if a par- 
each kind of matter were placed in the 
nagnetic field both would become magnetic, 
nd each would have its axis parallel to the 
sultant of magnetic force passing through it; 
the particle of magnetic matter would have 

rth and south poles opposite, or facing to- 
rds the contrary poles of the inducing mag 
net, whereas with the diamagnetic particles the 
reverse would be the case; and hence would 
result approximation in the one substance, re- 
ssion in the other. 


rs 
i 
+ 


Even at that time, however, Faraday’s 
views were not firmly established, and 
we may repeat an experiment of his 
which shows the nature of the contrary 
influences that were impressing him. A 
small glass tube filled with a weak solu- 
tion of the magnetic substance iron sul- 
phate sets itself axially between the mag- 
netic poles; but if it is surrounded as it 
swings by a strong solution of the same 
substance, it sets equatorially. The tube 
appears to be magnetic as compared to 
ir, but diamagnetic as compared to the 
strong soluticn. 

Might not, on this analogy, all sub- 
stances, and also air and vacuum, be 
magnetic, reacting to the magnet in the 
same way but to different degrees? 
And might not bismuth exhibit its pecu- 
liarities, not because it is in antithesis to 
iron, but merely because it is less mag- 
netic than the air? Yet he writes as fol- 
lows: 

**Such a view also would make mere space 
magnetic, and precisely to the same degree as 
air and gases Now though it may very well 
be, that space, air and gases, have the same 
general relation to magnetic force, it seems to 
me a great additional assumption to suppose 
that they are all absolutely magnetic, and in 
the midst of a series of bodies, rather than to 
suppose that they are in a normal or zero state. 
For the present, therefore, I incline to the 
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former view, and consequently to the opi 
that diamagnetics have a specif wtior I 
thetically distinct from ordi magné A 
tion, and have thus presented us with mag 
netic property new t ur knowledge’’ ‘Ex 
perimental Researches,’’ Series XXI. No. 244 
Dec. 1845 





The extract describes his first-formed 








opinion. 






PLUCKER’s DISCOVERY OF MAGNE- 
ACTION 





CRYSTALLIC 







The next important step is due to 
Pliicker : 
In 1847, Pliicker had a magnet nstructed 






of the same size and power as that described 
by Faraday, his object being to investiga t 







influence of the fibrous constitution of pl 
upon their magnetic deportmer whi n 
ducting these experiments he was it ed t 
try whether crystalline structure exercis 






influence (Tyndall, ‘‘ Diamagn: 






° 


erystallic Action,’’ p. 2 






The first experiment made by Pliicke: 
immediate and decided reply 


the behavior of 






gave 


The 


an 
investigation of 












several crystals led him to announce the 
following laws: 

When any crystal whatever with an optic 
axis is brought between the poles of a magnet 
the axis is repelled by each of the poles; and 
if the ery stal possesses two axes, each of these 
is repelled with the same forces the two roles 

The force which causes this repuls s 
dependent of the magnetism or diamagnetism of 
the mass of the crystal; it reases with th 
distance more slowly than the mag! ce influ 






ence exerted by the poles. 





There is some truth in Pliicker’s con 
clusions, but much correction is neces- 
sary. Tyndall pointed out in 1850 that 
they broke down completely when ap- 
plied to calcium and iron carbonate. 
These two crystals are isomorphous; the 
Iceland spar, obeys Pliicker’s 









former, 
laws in that it sets its axis equatorially 
in the magnetic field, but iron carbonate 
sets its axis from pole to pole. Pliicker 
had, however, done great service in di- 
recting attention to the peculiar behavior 
of crystals in the magnetic field. 

In the autumn of 1848 Pliicker was in 
London. Faraday writes in his labora 
tory notes: 
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16 Aug. 1848. Pliicker has described to me 
certain of his results as to the crystalline dia- 
magnetic relation and, as I understand it, the 
optic axis of a crystal having one optic axis 
tends to pass into the equatorial direction, or 
if a crystal have two optic axes then the line 
between them tends to pass into the equatorial 
direction. 

25 Aug. 1848. To-day Pliicker showed me 
for the first time some of his experiments. 


First OptTicaL RESULTS 

‘*A small rhomboid of Cal* Spar was 
suspended by a single cocoon thread be- 
tween my Elect. Magnet poles with the 
optic axis in a horizontal position. When 
the poles were very close as in the figure 
the diamagnetic force of the substance 
made it take the position shown in which 
the optic axis is axial to the magnet. But 
when the poles were opened out to dis- 
tance of half or three quarters of an inch, 
then the mass pointed axially and the 
optic axis therefore equatorially. 
There is a given distance between the 
Mag poles (pretty close) when a certain 

or piece 

rhomboid , of Cal* spar between them is 
so affected that the diamagnetic and the 
magneto-optic force is balanced, at 
smaller distances the piece points dia- 
magnetic and at larger distances Magneto 
optic. So that on increasing the distance 
the magneto-optie force diminishes less 
rapidly than the magnetie foree, and on 
diminishing the distance it increases less 
rapidly than the magnetic force. But 
increasing or diminishing the strength of 
the magnet produces no alteration of this 
place of neutral action, it only increases 
or diminishes the strength of the action 
on each side of it: or rather the resultant 
of the two actions on each side of that 
neutral position. So Pliicker at least 
tells me, for I did not see that proved.”’ 

Pliicker’s experiment is_ readily 
shown ; but a little care in adjustment is 
required. The dimensions of an equal- 
sided rhomb are rather too much the 
same in all directions: a somewhat more 
irregular piece is, I find, easier to work 
with. The effect is much more clearly 


seen with a good bismuth crystal, whic) 
was obtained in the following way. 
little bismuth was melted in a glass t 
which had been drawn to a point. Ti, 
tube was placed in an electric furng 
from which it was made by clockwork ; 
emerge very slowly. The fine end o 
tube came out first, and the bismut 
the point was the first to solidify 
crystalline form. The rest of the me: 
crystallized slowly as the emergence 
ceeded, and, in the circumstances. 
tinued the structure and orientatio: 
the first fragment. In this way, 
to Bridgman, the mass contained 
single crystals, not a mass of fin: 
tals as is usual when the solidificat 
takes place rapidly. 

When the erystal, which is te: 
as long as it is broad, is placed in 
magnetic field due to pointed po 
sets strongly equatorially in accord 
with the usual behavior of a diamag 
body ; but when the poles are withdray 
somewhat, it sets axially with « 
strength. 

The experiments of Pliicker 
duced a new effect which Faraday aft 
wards called ‘‘magne-crystallic acti 
It clearly deserves a name, si! 
manifestations added a complicat 
the diamagnetism which had alr 
been observed. 

The new discoveries presented 
many forms when repeated with differ 
ent crystals suspended in different w 
and with different forms of magne’ 
field that the complications were not w 
ravelled for some years. Some of ¢! 
difficulties were due to the cireumstances 
of the experiments and had no relation 
to the real question. One of these it 
dental effects was that of attractions and 
repulsions due to transient currents in 
duced in bodies already suspended for 
observation between the magnetic | 
when the magnets were excited. As 1 
well known, the motion of a spinning | J 
block of copper is at once arrested by j 
the action of such currents; on the othe? 
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hand, a sheet of copper held near a pole 
_ sharply repelled when the current is 
turned off, and if properly suspended 
can be set into a rapid spinning. These 
effects had nothing to do with diamag- 
netism, but they were apparently the 
eause of confusion on some occasions. 

Another great source of difficulty was 
the overpowering effect of iron impuri- 
ties: the diamagnetic effects are so feeble 
in all eases that a mere trace of iron, 
cobalt is sufficient to mask 
h for example, Pliicker’s ex- 
neriments with antimony seem on this 
,»eecount to have been at variance with the 
true facts as proved by Faraday (Tyn- 
dall, p. 16). 


nickel or 


them. So, 


Farapay’s ReSEARCHES ON MAGNE- 
CRYSTALLIC ACTION 

In 1848, Faraday published a series 
of researches on the magne-crystallic 
phenomena, which cleared up some of 
the difficulties. But in 1850 he could 
still write as follows: 

Four years ago I suggested that all the phe 
nomena presented by diamagnetic bodies, when 
subjected to the forces in the magnetic field, 
might be accounted for by assuming that they 
then possessed a polarity, the same in kind as, 
but the reverse in direction of, that acquired 
by iron, nickel, and ordinary magnetic bodies 
under the same circumstances. This view was 
received so favorably by Pliicker, Reich, and 
others, and above all by W. Weber, that I had 
great hopes it would be confirmed; and though 
certain experiments of my own did not increase 
that hope, still my desire and expectation were 
in that direction. (2641) Whether bismuth, 
copper, phosphorus, etc., when in the magnetic 
field are polar or not is, however, an exceed- 
ingly important question; and very essential 
and great differences in the mode of action of 
these bodies under the ene view or the other 
must be conceived to exist. I found that in 
every endeavor to proceed by induction of ex 
periment from that which is known in this de 
partment of science to the unknown, so much 
uncertainty, hesitation and discomfort arose 
from the unsettled state of my mind on this 
point that I determined if possible to arrive at 
some experimental proof either one way or the 
other. This was the more important because 
of the conclusion in the affirmative which Weber 
had come to in his very philosophical paper. 

(2642) It appeared to me that many of 
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the results which had been supposed to indicate 


a polar condition were only consequences of the 
law that diamagnetic bodies tend to go from 
stronger to weaker places of action; others, 


again, appeared to have their origin in induced 
currents. 

further 
the end 
all his effects as 


Accordingly, he undertook a 


series of researches which in 


brought him to regard 








] ; ; . ‘ 
expressible in the simple form with 
which we are familiar. In his ‘‘ Experi- 
mental Researches’’ he writes (Ser 
XXVI. October, 1850. No. 2807 

When a paramagnet conductor, as for in 
stance a sphere of oxygen, is introduced int 
such a magnetic field considered previously as 
free from matter, it will cause a concentration 
of the lines of force on and through it so that 
the space occupied by it transmits more mag 
netic power than before. If, on the other hand, 
a sphere of diamagnetic matter be placed in a 
similar field it will cause a vergence or open 
ing out of the lines in the equatorial direction, 
and less magnetic power W he trans tted 
through the space it « ipies than if it were 
away (see Fig. 1 
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Fic. 1—THE FIGURE 18 TAKEN FROM FARA 


pay ’s ‘‘ EXPERIMENTAL RESEARCHES,’’ AND WAS 


DRAWN TO SHOW HIS CONCEPTION OF THE PAS 


SAGE OF LINES OF MAGNETII FORCE THROUGH 
PARAMAGNETI( AND DIAMAGNETIC BODIES RE 
SPECTIVELY. 


This 
ally: the complication of magne-crystal- 
lie action 
plicity : 


describes diamagnetism gener- 


is deseribed with equal sim 


(2837) If the idea of conduction be applied 
to these magne-crystal bodies it would seem 
to satisfy all that requires explanation in their 
special results. 4 magne-crystallic substance 


would then be which in the erystallized 
state could conduct onwards, or permit the ex 
ertion of the magnetic facilit) 
in one direction than another: and that diree 


one 
force with more 


tion would be the magne-crystallic axis. Hence, 
when in the magnetic field, the magne-crystallic 
axis would be urged into 
with the magnetic axis by a force correspondent 
to that difference, just as if two bodies were 
taken, when the one with the greater conducting 
power displaces that which is weaker. 


a position coincident 
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It is only a uniaxial crystal, of course, 
which possesses a single magne-crystallie 
axis; it is the axis of a certain spheroid. 
The facility of conduction in different 
directions in a biaxial crystal requires an 
ellipsoid for its representation. 

This way of stating the rules allows 
us to see at once the principle of the ex- 
periments shown by Pliicker to Fara- 
day, which the latter so greatly extended. 
When the magnet poles were close, the 
crystal occupied a part of the field where 
the lines of force were very divergent. 
In such circumstances the orientation of 
the crystal would be determined by the 
general tendency for diamagnetic bodies 
to move from the stronger to the weaker 
parts of the field, and the crystal set its 
longer dimension perpendicular to the 
field; the optic axis was then parallel to 
the lines of force. But when the mag- 
netic poles were separated the crystal 
covered a part of the field in which there 
was little divergence: the magne-crys- 
tallic action then took charge, and the 
erystal set itself so that the direction of 
worst conduction of the lines, 1.e., the 
optic axis, was at right angles to the 


lines. 


EXPERIMENTAL ILLUSTRATION OF MAGNE- 
CRYSTALLIC ACTION 


A few simple experiments will serve 
as further illustration of these rules. 
We take a crystal of sulphate of iron 
which has the form of a thin plate: the 
flat sides are cleavage planes and the 
‘‘eonducting power’’ for Faraday’s lines 
is far greater across the plate than along 
the large faces. In a uniform field the 
erystal plate sets equatorially therefore, 
and even when allowed to move up to 
one of the poles keeps its face normal 
to the lines. A thin plate of iron would 


stand on edge on the pole: but the 
magne-crystallic action of this paramag- 
netic crystal is exceedingly strong. 

A bismuth crystal so suspended that 
its axis (it is a uniaxial crystal) is ver- 
tical has no magne-crystallic action. Its 


motions are governed by the 
tendency of its mass to move 
stronger to the weaker parts of th, 

in a uniform field it has no appre 
tendency to set itself in any part 
direction. But when the erystal js 

so that the axis is horizontal, t] 
tends strongly to set itself along { 

of force, as we saw before. 

Naphthalene is a monoclinic 
Its magne-crystallie properties ar 
sented by an ellipsoid, one axis of 
coincides with the single axis 
metry. The cleavage is very perf 
the crystals take the form of thin 
parallel to the cleavage planes. TT! 
is also parallel to the cleavage 
and if the erystal is suspended 
this axis is horizontal and the c! 
planes vertical, the axis and the 
move into the equatorial positior 
this way fulfilling symmetrical cons 
ations. But when the erystal is 
in a uniform field, so that the axis 
vertical, the cleavage planes set 
selves at a certain angle to the 
One of the axes of the magnetic ellips 
then lies along the lines, another 
them: the third is vertical. There is: 
obvious relation between the clea 
plane and the first two axes. Fir 
(Annalen der Physik 31: 149: 1910 
shown that this may be said of var 
crystals examined by him. If now? 
crystal be suspended from the other 
of the axis, its cleavage planes will n 
the same angle with the field but on t 
opposite side of the medial line (Fig. 2 
Faraday describes results of this 
which he obtained with a paramagnet 
erystal of sulphate of iron (‘‘Ex 
mental Researches,’’ Series XXI, No: 
2634-7). Naphthalene is diamagnet 
like many other organic crystals, 
shows the magne-crystallic effect ver 
strongly. 

These experiments will serve to s! 
the great variety of effects that may be 
observed. All of them are, however 
easily correlated by Faraday’s concep- 
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hia. 2.—IN THIS FIGURE THE POSITIONS M ARKED 


rid. 


, AND b ARE POSITIONS OF EQUILIBRIUM OF THE 
vAPHTHALENE CRYSTAL IN THE MAGNETIC FIELD. 

\XIS OF SYMMETRY IS VERTICAL AND PER- 
PENDICULAR TO THE PLANE OF THE PAPER. THE 


PLANE IS ALSO VERTICAL AND ITS IN- 
PLANE OF THE PAPER IS 
LONGE THE FORM 

OF THE CRYSTAL SHOWN IN THE FIGURE IS NOT 
4 NATURAL FORM, BECAUSE THE SHORTER SID 
RHOMBOID IS DRAWN PARALLEL TO ONE 
FACE OF CELL OF THE CRYSTAL LATTICE, 
H FACE DOES NOT USUALLY OCCUR ON THE 
YSTAL. IT IS SO DRAWN IN ORDER TO SHOW 
THE RELATION BETWEEN MAGNETIC LINES AND 
THE LATTICE. IF THE CRYSTAL IS HUNG FROM 
ONE END OF THE b AXIS, THE POSITION @ IS AS 
SUMED, AND IF FROM THE OTHER, THE POSITION 

b. THE POSITION c IS IMPOSSIBLE. 


LEAVAGE 
SECTION WITH THI 
‘R SIDE OF THE RHOMBOID. 


OF THI 


THE 


tion of lines of force. Let us remember 
that there are several variables and give 
due importance to each. The first of 
these we call diamagnetism, implying 


that the lines pass through the sub- 
stance in question less easily than 
through the air or a vacuum. The 


second is called magne-crystallie action, 
in reference to the fact that in a crystal 
the lines pass more easily in one direc- 
tion than another. A third variable is 
the erystal shape, which may also affect 
the set in the magnetic field when the 
latter is divergent. A fourth is the 
amount of divergence of the field which, 
in a uniform field, falls to zero. After 
experimental disturbances have been al- 
lowed for, all these influences have to be 
taken into account. 

The more divergent the field the more 
does the simple diamagnetic effect assert 
itself, and any magne-crystallic action 
which would tend to make the specimen 
Set a crystal axis or axes at some par- 
ticular inclination to the direction of the 
field is overpowered. 


THE CONTRAST BETWEEN PARAMAGNETISM 
AND DIAMAGNETISM 
On the other hand, magne-crystall 


action usually takes charge in a truly 
uniform field. For the sake of 
and an easier explana 


to direct 


brevity 


attention to a fact which Was 


not fully appreciated by all the first ex 
perimenters, but was clearly set out | V 
Sir William Thomson (Lord Kelvin) iz 


1885. <A 


magne-crystallic action, tends to set itself 


diamagnetic bar, apart fro 


along the lines of force in a uniform fie 


just as a paramagnetic bar. For we 


may imagine the bar to be made up 
gradually of a collection of cubes, placed 
successively one after the other in the 
magnetic field. The effect of the first 


cube is, as we should say in the lan 
guage of Faraday, to spread out the 
lines of force on thei 
cube, and to 
either side of it. A second diamagnetie 
cube will, if free to move, 
of the field where the 
erowded ; it will therefore avoid setting 
itself beside the first cube and preter to 
place itself in front or behind it. A 
third will continue the same process, and 
in the end 
pointing along the lines. In 
of a substance such as 
double The 
dense just in front and just behind the 
first cube; and a second cube will pla 

itself in one of those positions because 


r way through the 


crowd them together on 


go to that part 


lines are least 


form a bar 
the 


there is a 


the cubes will 


Case 


1ron, 


converse lines are most 


A 


a magnetic substance seeks the stronges 
part of the field. Again, therefore, the 
bar grows along the lines, as in this case 


we know from experience (see Fig. 3 

It is quite certain that no one has ever 
seen the first of these effects, because it 
must be so minute and difficult to sepa 
rate from others. We may safely infer 
it, as Thomson pointed out, because our 
theories of the electromagnetic field hav: 
been abundantly justified by other 
means. The susceptibility of bismuth, 
by far the most diamagnetic substance, is 
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Fic. 3.—DIA- AND PARAMAGNETIC SUBSTANCES 
IN A MAGNETIC FIELD. IN BOTH CASES POSITION 


> 


2 IS PREFERRED TO POSITION 3. 


only about 10°; in other words, the 
strength of the field on one side of a bis- 
muth cube of 1 em side would only be 
about a thousandth part of 1 per cent. 
greater than at the front or back of the 
cube. Near a pointed pole the strength 
of the field might easily vary by 50 per 
cent. in a centimeter. It is easy to see 
how feeble is the force tending to ar- 
range the supposed cubes parallel to the 
lines of a uniform field as compared with 
the forces acting on a bar placed near 
the pole. 

The analogous effect in electrostatics 
ean, however, be realized. When two 
plates are immersed in oil and main- 
tained at a large difference of potential, 
an elongated rod of glass hung from a 
fiber sets itself along the lines of force 
(to make sure that the effect is true the 
rod must be free from any conductivity 
due to its own substance or a water film). 
This corresponds to the setting of a mag- 
netic body in a uniform field. When 
bubbles of air are allowed to rise through 
the oil they are* drawn out along the 
lines of force; which effect, since the in- 
ductivity of air is less than that of oil, 


3My authority is Capt. Dunsheath of the 
Henley Telegraph Works Co. 


represents the setting of a diamag: 
body along lines of magnetic fore 

When a diamagnetic substance «». 
itself across the lines of a magnetic 
and no magne-crystallic action 
work, it is because the field is not » 
uniform. It is perhaps a little eo, 
ing when it is said, as is sometimes ; 
vase, that diamagnetic and paramagn 
substances are the antithesis of on 
other in that one kind sets itself , 
the field and the other along it. T 
only true of a field which is non-unifor 
Indeed, it may be said that the use 
word antithesis is incorrect in any eas 
There would be a true antithesis j 
substance could be defined by its p 
ing along the lines of force in one dir 
tion while another pointed in exactly t 
opposite direction; there is no tru 
tithesis between pointing along th: 
and pointing across them. It seems t 
me, though I say it with diffidence, the 
this difficulty was stirring in Farada 
mind and was the true cause of the u 
easiness of which he spoke in a quotat 
given above, and of his aversion to t 
description of diamagnetism and 
magnetism as being the antithesis oi! 
another. 

Faraday, as I have said, wher 
thorough examination of the facts ha 
led him to frame a hypothesis w! 
would link them together, based his 
terpretation on the existence of lines 
force, and found himself able to 
both his own results and those of others 
in their place within a self-contained 
system. 

Kelvin placed this hypothesis 
mathematical form, thus completing t! 
treatment of the subject of magnetism 
by Poisson; the latter had left out of his 
consideration the consequence of maz 
netic susceptibility being different in ¢ 
ferent directions. not because he over 
looked the possibility of such an effect 
but because no ease of its occurrence was 
known to him. 
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Tue HyporuHesis or Po.ariry 


Faraday’s views were not accepted, 
however, by other experimenters on the 
same subject, and in particular by Tyn- 
dall. The idea of polarity was not to be 
given up easily, and innumerable ex- 
periments were made to show that a 
‘‘diamagnet’’ had poles like a magnet, 
but in the opposite sense. A bar of bis- 
muth would develop north and south 
poles when, in similar cireumstances, a 
bar of iron would develop south and 
north. Of course, when the facts are 
prepared for mathematical treatment, 
they can be expressed in this way. It is 
generally convenient and justifiable to 
represent a magnet by two poles because 
the form of the field at any reasonable 
distance is satisfactorily represented 
thereby, though in the immediate neigh- 
borhood the lines of a real magnet do 
not run like those of the theoretical bi- 
pole. Within the body of the magnet the 
lines run from the south pole to the 
north, continuing and completing their 
course outside so that every line is a 
closed circuit ; but all lines near a bipole 
run from the north pole to the south 
pole. So also in the magnetic shell, 
which is in the mathematical treatment 
the exact analogue of the electrical con- 
denser, the bulk of the lines run from 
one plate to the other across the narrow 
space between the two plates; compara- 
tively few run from the outside of one 
plate, through surrounding space, to the 
back of the other. In the condenser, the 
internal field is the most important, the 
external being looked on as a correction. 
In the magnetic shell the reverse is the 
ease; the outside field is that which is 
considered because it represents more 
and more closely, as the plates are 
brought closer together, the field due to 
a current circulating about the contour 
of the condenser. The theoretical charges 
on the plates have to be made larger and 
larger as the plates are brought together, 
so that the strength of the outside field 
may remain the same. 


Now, if a piece of is placed 
along the lines of a magnetic field, the 
lines extent, 
though, as already explained, the avoid 
we take the 


bismuth 


to some 


avoid the piece 
ance is extremely small. If 
bismuth away and replace it by a feeble 
bipole consisting of south-pole magnet 
ism, of proper amount, where the | 

out of the bismuth, 
sponding amount of north-pole magnet- 
ism where they go in, the whole 
ment being made in a vacuum, or per- 


Fig. 4) in 


nes 


come and a corre 


arrange 
afrialiie- 


missibly, in the air, we get 


N N 
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Fic. 4 


this artificial way an externa! field re- 
sembling that which exists when the bis- 
muth is in place. It can be said that po- 
larity is developed in the bismuth in a 
found in 
iron in the same circumstances. If the 
effect is to be represented, for the con- 
venience of treatment, as due to the pres 
ence of a bipole, then the sense of the bi 


sense opposite to that which is 


pole in the case of bismuth is opposite to 
the sense in the case of iron. The old 
argument, therefore, was not between 
two hypotheses but between two lan 
guages in terms of which the facts were 
to be described. 
once believed in and debated, could be 
and was the cause of an immense variety 
of experiments devised to justify one 
side or the other. But Faraday felt that 
his way of putting the facts was more 
fruitful in suggestion of further experi 


Such an antagonism, 
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ments, and more convenient as a founda- 
tion for theoretical development. He 
has been abundantly justified. 


THE Work or TYNDALL AND 
KNOBLAUCH 

We now come to the part which Tyn- 
dall played in a debate which was con- 
ducted on both sides in such an able and, 
it is pleasant to observe, in such a 
friendly way. In the first place, Tyndall 
and Knoblauch published in 1850 an ac- 
count of experiments which they had 
made. They showed that Pliicker’s first 
views, those which included the repul- 
sion of the optic axis of a uniaxial erys- 
tal by the poles of the magnet, were, as 
already stated, incorrect in many cases, 
and they substituted an amended set of 
rules in the following terms: 

If the arrangement of the component mole- 
cules of any crystal be such as to present dif- 
ferent degrees of proximity in different direc- 
tions, then the line of closest proximity, other 
circumstances being equal, will be that chosen 
by the respective forces for the exhibition of 
their energy. If the mass be magnetic this line 
will set axial; if diamagnetic, equatorial. 

The key-word is ‘‘proximity.’’ This 
condensed statement of course requires 
explanation. Tyndall supplies it in full 
in his book on ‘‘Diamagnetism and 
Magne-crystalline Action.’’ A_ very 
brief summary will be sufficient for our 
present purpose. In the first place, the 
observations made by him and his part- 
ner on the behavior of crystals in the 
magnetic field convinced them that the 
plane of cleavage determined in a num- 
ber of cases the position which the sus- 
pended erystal would take. Magnesium 
sulphate, zine sulphate, saltpetre, and 
topaz were diamagnetic substances, and 
their cleavage planes, the crystals being 
so suspended that these planes were ver- 
tical, always set themselves equatorially, 
i.e., at right angles to the field. On the 
other hand, nickel sulphate, scapolite 
and beryl, which were magnetic crystals, 
in the same circumstances set their 
cleavage planes parallel to the field. 


The connection between these resy|ts 
and the statement quoted above lies 
this, that the molecules in a crystal w 
supposed to be in greater proximit 
along a cleavage plane than in any ot 
direction. Let us take bismuth as an « 
ample; it is diamagnetic and sets its 
cleavage plane equatorially in acco: 
ance with Tyndall’s rule. Its structur 
has pow been determined by X-ray 
alysis, so that we can see what meani 
ean be attached to the claim for prox 
imity in the plane of cleavage. The bis 
muth structure can be looked on, 
proximately, as a slightly distorted cul 
one of the eube’s diagonals has bee 
little stretched, while the other thre 
have been left unchanged. The crystal 
is therefore uniaxial; the axis is t! 
stretched diagonal. The principal cleay- 
age plane is perpendicular to the axis 
The spacing of the planes parallel to th 
cleavage is larger than that of any other 
set of planes in the crystal, and thes 
consequently contain more molecules t 
the unit area than any other planes 
Tyndall would have said that in thos 
planes there was a maximum proximity 
between the molecules. 

The X-ray analysis of other crystals 
often shows the cleavage plane to h 
the largest spacing and therefore t! 
closest degree of packing. This means 
that the points of the crystal lattice ar 
closest together in that plane, but it does 
not mean that the atoms or molecules ar 
nearer together in that plane than in an) 
other. Nothing can be said about that 
until the actual distribution of the atoms 
in the unit cell has been determined. It 
would be much safer to say that the ex 
istence of a cleavage plane implies a cer- 
tain looseness of packing across the erys- 
tal planes which are parallel to the cleav- 
age. This would imply a greater tight- 
ness in other directions, but not neces- 
sarily a greater proximity. It is only at 
first glance that the latter term seems to 
have a clear meaning. But we must let 
it stand in order to realize the argument 
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as it presented itself to the authors of 
the statement quoted. 

It happens that in the case of bismuth 
we do actually find a closer bonding be- 
tween the atoms in the cleavage plane 
than in any other; but this is peculiar to 
the structure of bismuth and has no re- 
lation to the supposed close proximity of 
molecules in the cleavage plane. 

Now we come to the essential point of 
the argument. It is supposed that prox- 
imity offers magnetism or diamagnetism, 
whichever it may be, the opportunity to 
‘exhibit its greatest energy.’’ We are 
to remember that the hypothesis on 
which we are working expresses itself in 
terms of poles and that a magnet attracts 
a piece of iron by inducing poles in it, 
which poles then react with the poles of 
the magnet. When a piece of iron is al- 
lowed to attach itself to a magnet, the 
poles induced in it are much stronger 
than if the magnet and the iron are sep- 
arated by a little distance. If a second 
piece of iron is brought near the first, 
every increase in its proximity increases 
the strength of the poles which are de- 
veloped in this piece by the influence 
both of the original magnet and of the 
first piece of iron 

A simple experiment will serve as an 
illustration (Fig. 5): The nail hangs in 
the first case, and not in the second be- 
eause the close proximity of the iron 
blocks increases the strength of the poles 
in all of them. In the second case, the 
nail will not hang, although the magnet 
is actually closer to it. The benefit of 
mutual ‘‘proximity’’ of the separate 
pieces of iron is obvious. An equally 
simple explanation can be given in terms 
of lines of force, but we are using the 
alternative language. 

Chains of iron fragments form readily 
between magnet poles of opposite na- 
ture. A rod of iron ‘‘transmits the mag- 
netic foree,’’ and generally acts more 
efficiently than a set of iron fragments 
which are not allowed to get into close 
proximity with each other. Tyndall 
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IRON BLOCKS ARE SOMEWHAT SEPARATED FROM 
ONE ANOTHER AND FROM THE MAGNET I 
PALLS. 
sticks short lengths of iron wire through 


dise-shaped pieces of apple and shows 
that the dise sets itself at right 
to the field, the bits of wire therefore 
lying parallel thereto. In each bit ar 
iron in close proxim 


1 
angies 


many molecules of 
ity, and the fact is more effective in di 
recting the apple than the existence of a 
number of bits scattered over the disc 
without being in ‘‘proximity’’ to each 
other. 


DIAMAGNETISM AND ‘‘ PROXIMITY’”’ 

It is now argued by Tyndall that if 
the magnetic influence of a magnet is 
extended by means of proximity, the dia- 
magnetic influence must be extended in 
the same way. If the close proximity of 
iron fragments will help them to set with 
greater firmness in the direction joining 
opposite poles, then the closer proximity 
of bismuth fragments should cause them 
to set with greater firmness across them. 
In this way Tyndall interpreted the rule, 
which he believed he had established, 
that the cleavage planes of magnetic 
crystals tended to set axially, and those 
of diamagnetic crystals equatorially. 

It is interesting to observe that Tyn- 
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dall was attempting to supply both a 
rule for the setting of crystals and an ex- 
planation of the rule in terms of struc- 
ture. Faraday stopped short when he 
had supplied a picture of the distribu- 
tion of his magnetic lines, or, as we 
should now say, a map of the distribu- 
tion of energy in the magnetic field. 

As I have already pointed out, there 
is no clear meaning to the term ‘‘greater 
proximity in the cleavage plane.’’ More- 
over, if conclusions were to be drawn 
from analogy with phenomena on a 
larger scale, they would run contrary to 
the intended argument; for, on that seale 
at least, a line of diamagnetic masses 
tends to set itself axially, not equatori- 
ally. A piece of bismuth makes an ex- 
tremely minute alteration in the disposi- 
tion of the lines of force, for which rea- 
son it is a very poor detector of the ex- 
istence of the lines in comparison with 
iron; and the change, since it is so small, 
can indeed he detected by a piece of iron 
in the form of a magnet, but certainly 
not by another piece of bismuth, no mat- 
ter how close they are together. 

In the case of a uniaxial crystal, a 
principal cleavage must from symmetry 
considerations be related to the axis and, 
if it is unique, must be perpendicular 
thereto. When there is more than one 
cleavage, the cleavage planes must be 
symmetrically disposed about the axis 
as in the ease of Iceland spar. It is not, 
therefore, surprising that, in the former 
ease, the cleavage plane should place 
itself exactly, either equatorially or axi- 
ally, and that in the latter case a plane 
perpendicular to the axis might be 
looked on as a resultant of cleavage 
planes and therefore set itself equatori- 
ally. But it does seem remarkable that, 
as Tyndall pointed out, the substitution 
of iron for calcium in Iceland spar, to 
form the isomorphous iron carbonate, 
should turn the structure round through 
90° in the magnetic field; especially if 
we assign diamagnetism and paramag- 
netism to different causes. It may be 


there are other cases of the same e 
and any rule of this kind must ec} 
be of importance. 

THE EFFects OF PRESSURE ON Ma: 

NETIC SUSCEPTIBILITY 

We now come to another set of ex 
ments, very interesting and importa 
which were used by Tyndall in th 


fense of the ‘‘polarity’’ position. T1| 


method of these experiments was s 
gested by an accident. When work 
in Berlin with a fine magnet plac 
his disposal by Magnus, he was observi 
the action of the magnet on a bis: 
cube which was so shaped that tw 
posite faces were perpendicular to 


optic axis and parallel to cleavage planes 


When the current was switched on, t 
magnet poles rushed together be 
the separate parts of the magnet ha 
been properly bolted down. The 


muth cube was erushed to some extent 


Working conditions having beer 


stored, it was found that the bismuth set 


itself at right angles to its former 
tion. The line of pressure, whic! 
course, had been parallel to the field, w 
now perpendicular to it. Tyndall 1 
argued that the particles of bismuth | 
been brought into greater proximity 
the pressure and that the setting of t! 
line of great proximity was in accord 
with the rule given by himself and Ky 
lauch. So began an extended series 
researches on the effects of pressu 
which are fully described in his b 
As an example let us take the followi 


A quantity of bismuth was ground to dust 


an agate mortar, gum-water was added, and 


mass was kneaded to a stiff paste. This 
placed between two glasses and pressed 
gether; from the mass when dried two c 
were taken, the line of compression being | 
pendicular to two of the faces of each 


and parallel to the other four. Suspended 
] 


a silk fiber in the magnetic field, upon closing 
compression turn¢ 


the circuit the line of 
strongly into the equatorial position. .. . 


When carbonate of iron was used t! 


line of pressure set axially. 





; 


Such an experiment is very striking 
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whatever its explanation may be. Tyn- 
dall argued that he had by compression 
increased the proximity along the line 
of pressure, but it is difficult to see how 
this ean be. If a number of particies of 
one kind are distributed with complete 
irregularity in a paste medium which is 
then subjected to pressure in one direc- 
tion, the alteration in form of the past« 
block will not alter the law of distribu- 
tion of the particles. In any case, as we 
have already seen, proximity does not 
produce any observable effects. 


Lorp KeLvin’s EXPLANATION OF TyYN- 
DALL’s RESULTS 

It is surely natural to suggest that the 
articles acquired some orientation from 
he pressure, which might well happen if 
they possessed shapes which were related 
in some particular way to their struc- 
tures. Thomson immediately pointed this 
out to Tyndall, who replied that if that 
were the case, the bismuth fragments 
being naturally in the form of flakes par- 
allel to the cleavage plane, the line of 
pressure ought therefore to set itself axi- 
ally, whereas it actually set equatorially. 
This was certainly a good reply. Per- 
haps the counter argument is that the 
erystal fragments have not actually been 
shown to set in this way. Miss Knaggs 
has made an X-ray measurement of the 
set of the fragments in one specimen of 
squeezed dough containing bismuth par- 
ticles, and has found that the cleavage 
planes are not closely coplanar with the 
surface, as they must be if Tyndall’s ar- 
gument is to be good. Though this is a 
single example, it looks as if a way of 
escaping the difficulty was to be found. 

As i have said, Tyndall’s reply to 
Thomson was good, but, to use his own 
words, though it formed ‘‘a strong pre- 
sumptive argument it was not yet con- 
vineing.’”’ He strengthened his case 
greatly by a further experiment. Com- 
paring the repulsion exerted by a mag- 
net on a natural crystal of bismuth with 
that exerted on a mass of compressed 


Y 
I 
‘ 
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MAGNE-CRYSTALLIC ACTION 


: | 
the latter 


found 
He had eut the 
form of a 


powder in dough, he 

greater than the former. 
crystal into the 
placed it on one arm of a torsion 


eube and 
balance 
so that the cleavage plane was perpen 
dicular to the field, 
repulsive force as great as it could pos 
The dough had been 
into a cube of the same size and placed 


magnetic and the 


sibly be. pressed 
with its line of pressure at right 
to the field. Tyndall argued that ther 
must be a direct effect of pressure, since 
it had done more than all that the nat 
ural phenomena could do 

Now it is clear that if the orientatien 


angies 


of a bismuth crystal in a uniform mag 
netic field, t.¢e., the magne-crystallic 

tion, is due to the arrangement of the 
atoms and molecules in the crystal strue 
ture, the perfect crystal ought to show 
the effect more perfectly than the frag 
ments distributed through the 
however perfectly the latter may be ar- 


dough, 
ranged. But Miss Knaggs has made an 
X-ray photograph from the face of a 
natural ‘‘erystal.’’ The 
chipped out of a mass of crystals left in 


specimen was 


a crucible, and must have resembled that 
which Tyndall used. The photograph 
showed at once that the specimen was 
a compound of more than one crystal, 


and that different orientations were 
present. Cleavage planes, and also 
others which in a single crystal would 
make large angles with the cleavage 
planes, were nearly parallel to the face 
under test. It is possible, therefore, 


that there was really more of the eff 


tive orientation in the pressed specimen 
than in the natural piece. A _photo- 
graph of the single crystal made by 
Bridgman’s method taken in the region 
of the cleavage plane much 
cleaner picture. 

A piece of bismuth can be looked on 
as an aggregate of crystals. There may 
be but one perfect crystal or there may 
be a number, small or large, of smaller 
crystals, each perfect. If proximity 
were increased by pressure, the change 


gave a 
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in proximity would have to occur in re- 
spect to the mutual distances in either 
of the separate crystals, or of the atoms 
and molecules in the single crystal. 
The X-ray analysis shows that the latter 
alternative is impossible, because from 
many tests recently carried out in re- 
spect to metal structure, we learn that 
no permanent change in the crystalline 
lattice is occasioned by stress. The 
former alternative is also ruled out, be- 
cause, as Faraday pointed out,* bismuth 
is actually of a lower density after com- 
pression than it was before; the pressure 
having of course been removed. Ap- 
parently the breaking up of the speci- 
men increases the extent of the cavities. 

Tyndall made many paste models of 
erystals, mixing powders of bismuth, 
earbonate of iron, or other active sub- 
stances with flour and water, or gum. 
He pressed the mass by different amounts 
in different directions and then cut it 
to shape; in this way he imitated the 
magne-crystallic action in detail. At one 
time, in order to meet the objection that 
he was merely rearranging the small 
erystals in his paste and conglomerates, 
he took some white wax ‘‘concerning 
whose amorphism there éan be but little 
doubt.’’ The substance is diamagnetic. 
A little cylinder of the wax suspended 
in the magnetic field set with its axis 
equatorial. It was then placed between 
two stout pieces of glass and squeezed 
as thin as a sixpence; suspended from 
its edge, the plate thus formed set so that 
its length, which coincided with the axis 
of the previous cylinder, was axial and 
its shortest dimension equatorial. But 
we know now that wax is anything but 
amorphous; its erystalline structure has 
not only been observed but also accu- 
rately measured ; and we know also that 
pressure arranges the orientation of the 
erystals. 

Tyndall obtained the same result with 
a piece of bread, and we may repeat the 


4 His reference was to ‘‘Gmelin’s Handbook 
of Inorganic Chemistry,’’ vol. 4, p. 428. 


experiment. A small piece of the cru 
is squeezed between two glass plates, 


the edges of the irregular mass ap 


trimmed off, so as to leave a thin 


. p<} 


Fig. 6.—THE BLACK LINES SHOW DIFF! 
POSITIONS OF A THIN WAFER OF PRESSED 
HUNG BY A SINGLE FIBER. IN THE OUTER PA 
OF THE MAGNETIC FIELD IT SETS MORE OR 1 
ALONG THE LINES, BUT AS IT IS BROUGHT 1 
THE MORE INTENSE PARTS, WHERE THI 
GREAT DIVERGENCE OF THE LINES, IT TU 
AS TO SET ITSELF AT RIGHT ANGLES TO THE FI 


When this is suspended so that its } 
is vertical, it sets equatorially if 
poles are close together and the fie! 
very divergent. It is therefore dia 
netic. But when the bread is m 
from the space between the poles t 
more uniform part of the field, the p! 
of the dise turns through a right an 
and sets itself parallel to the lines 
force. It is quaint to observe how 
bread, as it is moved up to the p 
sets itself to pass neatly through 
narrow gate and take up a parallel p 
tion on the further side. This is du 
magne-crystallic action, so that the bre 


contains crystals, a fact easily verified 


by X-ray methods. 


THE EFFEcTs OF PRESSURE ON CRYSTAI 
LINE CONDITION 

The long series of interesting a! 
ingenious experiments which Tynd 
made to show that pressure produc 
proximity and proximity produced 
equivalent of magne-crystallic act 
must be held to have failed in th 
original purpose. But they will dot 
less be put to a different use. They 
related to a subject of immense imp 
tance in these days, namely, the efft 


of pressure and tension and mechanical 


+ 


treatment generally, upon the state of 


material and upon its physical proper 


























ties. The consideration of such 
tions is fundamental to metallurgy and 
to other industries. The microscope has 
‘or many years been employed for the 

irpose, and the new methods of X-ray 


nalvsis are already being put into ser- 


ques- 


e, It may well repay us to consider 
lall’s experiments in a new light; 
examine the actual nature of 
se rearrangements which produced 
changes in magnetic 


<A 
~ 


such remarkable 
reactions. Tyndall himself discussed the 
effects of pressure in producing planes 
‘ possible cleavage, and was one of the 

neers in showing how such planes, 
oceurring in the earth’s crust, were not 
always to be interpreted as the result 
of sedimentary deposition, but rather of 
pressure, Which might, if it were exerted 
more or less along the deposition planes, 
produce the latter. 
He extended the principle to account for 
stratification in rolled materials, even in 


cleavages across 


biscuits and pastry! 

Faraday ’s use of lines of force did not, 
in reality, demand so much framing of 
hypothesis as Tyndall’s polarity. It is 
to be observed that, as Faraday pointed 
out, they had no differences about facts, 
merely about methods of description, 
which methods, however, were of differ- 
ent value as suggesting development. 
To Faraday’s conceptions have been 
added theories of magnetism and dia- 
magnetism based on the existence of re- 
molecular circuits as im- 
agined by Ampére and Weber, or on 
revolving electrons as explained by 
Langevin. In the most recent times the 
quantum theories have again modified 
our ideas. 


sistanceless 


MopERN CONSIDERATIONS 


The crude hypothesis of the molecular 
cireuit leads simply to a useful point of 
view of the difference between paramag- 
netism and diamagnetism, and the most 
modern discussions, though they differ 
greatly in appearance, leave that point 
of view almost untouched. If any of 
Faraday’s lines of force thread a circuit 


MAGNE-CRYSTALLIC ACTION 





which has no electrical resistance, t] 

number can never be changed. If, ther¢ 
fore, a substance be brought 
netic field, the mole 
atoms of the substance act like obstrue 
tions to the lines; and the total obstrue 
tion, of which the negative magnet 
susceptibility is a 
tional to the sum of the areas of all thes 
circuits, as projected on a plane per] 

dicular to the lines. It is of no cor 

quence whatever whether there are 
ready currents in those cire 
indeed, the circuits are movable and can 
alter their set towards the imposed field 
Thus the diamagnet 
the 
fields; or by any 
long as the total of the 


of the eireuits is 


ism is unaffected by 


existence of molecular 


unchanged. 

This result does not hold if cireui 
proach each other so clos« iv that 
offer less obstruction to the 
if they were more separated. Two re 
sistaneesless circuits ru 
parallel to each other offer 
opposition to the passage of lines than 
either circuit alone. We should imagine 
that such changes in the relative position 
of circuits would « nly oecur in strenuous 


circumstances such as, possibly, those of 
erystallization. It is known that d 
magnetic susceptibility may vary very 


slightly: for example, Oxley has shown 
that 


about small but definite 


crystallization sometimes brings 
alterations. As 
has often been pointed out, this simpk 
theory makes diamagnetism a property 
of all substances, which can be affected, 
even overwhelmed, when the circuits al- 
ready contain currents, and therefore 
can be orientated afresh by the magnetic 
field. 


Let me say in conclusion that a 


Ithough 


recently acquired knowledge of the strue 
ture of materials leads us to reconsider 
Tyndall’s experimental results, we are 
still far from the full explanation of the 
connection between 
netism, and of the influence of the latter 
upon physical properties. 


structure and mag 











THE DEATH PENALTY FROM A SCIENTIFIC 
POINT OF VIEW 


By HOWARD C. FORBES 


CAMBRIDGE, MASSACHUSETTS 


APPARENTLY, the death penalty origi- 
nated in this way: A long time ago, be- 
fore the processes of common law had 
taken form, when a man was murdered, 
his relatives were given the privilege of 
revenge. They were allowed to adminis- 
ter their own justice; and they went out 
and got some one. But the doubt as to 
whether they always got the right one 
was too great. So the law removed this 
privilege of private killing—together 
with the burdens and risks that must 
have accompanied it if the other parties 
happened to be strong—and undertook 
to administer its own justice. And, little 
by little, arising thus from sources that 
pass back of the memory of man, the 
common law has built up a judicial proc- 
ess leading to the death penalty, which 
now entirely eliminates the idea of re- 
venge, substituting for it the repression 
of crime, and which attempts to establish 
the maximum degree of certainty as to 
the guilt or culpability of the one who is 
accused. The methods for establishing 
this maximum degree of certainty, hav- 
ing likewise gone through several modi- 
fications, are now reduced to one basic 
principle, which is that the judgment 
of the case shall be free from reason- 
able doubt. So the death penalty de- 
pends upon the interpretation of reason- 
able doubt: What is the degree of confi- 
dence in a judgment that puts it beyond 
reasonable doubt? 

This was the situation in the law, we 
may say, a hundred yearsago. But more 
recently there has been arising a feeling, 
both within the law and elsewhere, that 
a degree of certainty that is beyond rea- 
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sonable doubt is, perhaps, not so r 
attainable as it appeared to be a hu 
years ago. The standards of reasor 
doubt have varied in the law from t 
to time; the judges have not ' 
agreed about them. Moreover, the pr 
lem of the degree of certainty of a1 
has become, in the scientific field, on 
the branches of learning, with standa: 
now generally accepted that differ 
those of the law, and with text-books dis. 
cussing them. The degree of cert 

of a result, or the confidence that m: 
placed in it, or its freedom from r 
able doubt, are merely different ways 
expressing one and the same idea, 
probability as to its aceuracy, whether 
the result in question is a measure! 

or an hypothesis or a principle or a judg 
ment—they all exist in the scientific | 
quite as much as in the legal field. S 
may be of interest to compare the | 
and scientific methods and to observ 
how the law would be affected if the s 
entific methods and scientific conceptio: 
were to be used in it. In a word, t 
effect would be that, by scientific 
terpretations, the legal methods do : 
reach a degree of certainty that is fi 
from reasonable doubt. 

The difficulties that exist in the lega! 
methods for determining reasonable 
doubt may be seen from the citations 
that follow: 

It is difficult to conceive what amount of 
viction would leave the mind of a juror 
from a reasonable doubt, if it be not one w! 
is so settled and fixed as to control his act 
in the more weighty and important matters ! 


lating to his own affairs. Out of the domai 
of the exact sciences and actual observat 
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ERWIN F. SMITH—A YOUNG MAN’S 
IMPRESSION 


By DONALD CULROSS PEATTIE 


‘WeLL, go talk to Smith about it! 
salad m\ volatile chief, as he rolled down 
the top of his desk, erammed on his hat 
and strode off to a meeting with Vernon 
Kellove or Walter Swingle or some othe 
of his contreres. 

| stood looking around the empty 


office, hung with pictures of Frank 
Meyer in Shantung and Rock in Burmah 
on the trail of chaulmoogra, and Pope 
noe on the Andes I felt a bit blank 
and wondered if I had not been treated 
to a bit of irony. ‘‘Go talk to Smith 
about it!’’ Who, pray, was Smith? 

[ had a scheme, a wild plan that I am 
still not weaned from, a foolish notion 
that sinee the galls from which tannin 


ha sense disease reac 


s obtained are 


tions of plants, it might be possible by 
growing certain vegetables in pure cul- 
tures to inoculate them with some dis 
ease, sufficiently virulent and yet suffi 
ly benign, to give us a continuous 
supply of the best tannie acid. I took 
the idea to David Fairchild, always open 


cient 


to fresh vi wpoints. He listened as long 
as he could. Then ‘‘Go talk to Smith,’’ 
said he 

So I went out in the corridor and 
asked up and down for Smith. 

“Oh! Erwin F. Smith!’’ said every 
one. 

That was something different. Yes, I 
had heard of him, had indeed read his 
book on the bacterial diseases of plants 
some years before in college, had heard 
his name reverently pronounced. Erwin 
F. Smith, pioneer of the bacteriology of 
the vegetable kingdom, the man who a 
generation ago was laughed at for pre 
dieting that it would be found th 
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plants had more bacte1 
man, and lived to se S 
more than fulfilled Yes, | 
that Smith was And 
gingerly in my hand, | 
into his laborator 

I looked some time aroun 


shining autoeclaves, the racks 
stopp red tubs Ss, the simme 
ot culture media, an¢ 
before I discovered a short 
handsome silver hair and _ be 
pink as a child’s, seated, in 
laboratory clothes, quietly r 
hind a big desk. I mention tl 
details because, as it happel 
times as I subsequently ent 
office, I never found him in 
posture or al 
Always the milieu of bubblir 
; ne 


never flying 


different in 


and sterilizers, always 1 
spotless attire. 
laboratory, never appearing 


ever deep in a French or Germ 


But however deep his attent 


never pulled himself out absé 
edly, but on that first occasion 
others he looked up quickly, an 
myself gazing into the most bi 
Their cde 


unfathomable, and a light o 


blue eyes I ever saw. 


sparkled there unfailingly. Upor 


me he smiled as though I wer 
acquaintance; the smile, I was ; 
say, was saint-like—more prec 
was intensely and beautifully hu 

I introduced 
started to blurt out my ideas 
a plan 


‘“Good.’’ he said, 


‘“*Where v 


born ?”’ 


myself brief! 
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my mother’s cousins were eould 1 yu 
nitee! minutes wer Col ne « S 
k about s old t 0 m weve 
Mb van s relatives ne n S 1 ebo 
( The conversation worked at the joke o1 mst 
my years at Harvard and the m the enti 
BD: er whom I had studied That months before rott t | 
le. t e Office of Foreign Seed and came to talk of t t day, Dut | 
Pp) [Introduction and what I was doing s mind was just th ll P 
th is noted down from time to whose biography ( IST 
th en at last | was permitted nto Englis Someho 
> 1 to ‘sell?’ my wild-cat scheme nsight into the es the | 
al I ni? ehemist W tur 
\g I may justity the relation « t I 
tl sf tails by avowlng that it ap me against the su 
p iter, To be his invariable prac pression While Tie pupil S 
Bice to save his memory by putting down — been given in 1 
in desk book the humans and their ‘*‘The Mierobe Hunters 
p ns that came to him, just as a Some months later | 
bo! st saves a specimen OT a plant ner of the Washinet B _ 
His esk book ought to make interesting viven il ono! sn 
Rading: it must be a sort of herbarium — seventieth. I 1 The du 
@® humans have been dull as usu 
most imaginative flights in my lation of a mai 
p! d not appear to startle this mild know as truly er ) 
it! in, this man who was daring to modest. sop: 
be things that were utterly unortho blushed almost « th is! 
ad selene I refer to his open nis eet before i OTL Y 
Bindedness towards the possible organie younger and less « 


animal eaneers). He heard me most part al Hf 


/ 


/ 


mpathetically, offered to help me, vously, stammered sometimes an 
sent me away loaded with books. pla nis elad 
ts, manuseripts and articles bear dinner 

that subject and on many in Yet in the fashion peo] 


soo 8 © 


* Was interested more than I. simply modest e talked wit qu 
\ few days later a letter came from of surprising frankness. His 
Stranger coneerning tannin. He men were an apologia pi a sua, © 


Smith’s name, and I realized that ingly eandid ir eir delight ; : 
respondent too must have breezed old ag ‘ nad Tie ve rs Of SO | 
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Ss tongue-in-cheel 

Cl erses Vil quotatiol 
rOeTS S orite lines « ] 
hy L SI Browning 
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Lh Set s talk with a si 
own, offered after Browning 


nd It nk Shakespeare. W 
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lennyvson, 


11 no more 


pology than a smile The sonnet did 
not need apology nowevel | iter | 
earned t he was the author of a vol 
ume oO ems, and if none of them take 
ral s literature, they are all pervaded 
by ( sweetnes sincerity nd vood 
taste ell uthol It IS Inviting the 
scorn of the littler men in seience to have 
rtistie tastes or fanciful mental play 
This seorn apparently did not toue 
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some one els wil " 
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SOn | ltée | ( neo? 7 
wrote. nor will I ever ace 


lee hi \ ( CS 
broades S I ~ ( rie 
Ih S ve Was i eau ( 
( voutil Oi } ( 

nel 1 ) ‘ 
ove and toile! ( ( 
? 4 } ? ’ 
nDroo oo DUS 
lon y “srl \ ~ ) 
nel } ~ ( ( 1] lie ( 
was the Ss at 
men say If | eou 
h ky m f rs 
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ypportunity of seeing the sar 
nomenon that vas irorded 
Ss ¢ The nol easter) 1) ‘ 
January, 1925 Karly on the 
of June 29. the shadow of th 
will sweep across England. the 


] > 
Sea and the Seandinavian Penn 


nd people in this narrow strip will 
sun's dise obseured, while aroun 

shine tine magnificent eoron: 
s, thes will see it 1f the weather is 
for there S only one chances n 
that it will not be cloudy in E1 


al the Time 
despite the prob: bly poor weathel 


‘ } 


ons in England, no recent as 


ar interest. The last chances that 
shers had to observe eclipses were 
May 2, 1715, and May 22, 1724 
of these were obs rved by the creat 


‘ = 


onomer Halley, who is known to us 


the discoverer of the periodic char 


r of Hallev’s comet. Evidently 


Was some fear that the people ot 


gland would be unduly alarmed over 


eclipse, for in a public announes 
about it Halley said: **The lik 
pse having not for many ages been 
in the Southern Parts of Great 
in, I thought it not improper to 
the Publik an account thereof, that 
sudden darkness, wherein the Stars 
be visible about the Sun, may give 
surprize to the People, who would, 
nadvertized, be apt to look upon 
nous, and to interpret it as por 


ne ¢ vill to our Soverelon Lord King 
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SCIENTIFIC AIDS TO AVIATION 


maps in elg! lavers, shov rol " , 
conditions the aviator may ex Bure ind aids 
n he flys both low and hich ar a Ae ee 
ng made regularly as a part of sarv appropriation tl | 
al government weather report ey TS 
weather observations alone have isting ot weathel . 
nd to be inadequate for flying yjed on from th 
nd the high altitude observations ;)rouch the Arlincton R 
so been found useful in making ill parts , 
ilar weather forecasts In facet “Bliel S ’ 
ither seems to brew at the high sil “es 
nd the observations, obtained by - ” iM : | 
halloons and kites, often g@iv n ee ae c oy 
on unobtainable at the level ot a 
var lt i a . 
rth’s surtace coy: | 
data used in the upper air weather stra i hat 1 
< come to the Weather Bureau from can Th ne s 
five balloon stations throughor raines ‘ 
rie . : ; . 


ountrv. There will be eight more 


July 1. The Army has eighteen, Ore iney get int 
, ; 1] \la or Ly I] b el 


the Navy has ten balloon stations i 
ah , , ediceal Corps AY ry 
nd one airplane observer. The Weather . \ 


Bureau also receives air aloft reports of shale 2g beer 
perature and humidity from. five Crimenta: and pl 
stations where kites are sent up with untry and abi 
eteorological instruments. As kites are Plaimed. **As a res 


endent upon wind the Weat] er Bu percentage | i\ 
i is about to trv out a small captive physical causes Nas | reds 
loon, Just large enough to earry the prising manne! 


necessary instruments, at Due West, The outstanding es 


S. C., for use when the air is ‘‘light.’’ tion of a fiver, he ex; ne 

Helicopters will probably replace bal eves and good net s st 
ns and kites in the future reaction and coordinatior 
Bumpy air, which makes rough riding eyes are meant not o1 ni 
r flyers, is clearly shown by these kit and absence of color blind) 
orts. One recent report from Gros ally the ability 


Texas, showed three strata of air Of lis eye,”’ for In f 

I in altitude of 1.800 meters. The necessary to know what is 

plete aerological observation map one side when it is impe 
gives wind direction, velocity, kind and ‘‘eyes_ fre nt’’ to se 


tion of clouds, and visibility as at straight ahead 
ace, 250 meters above. 500. 1.000, Quick reaction time ‘ 


” 2000. 3.000 and 4.000 meters eause the flver freq ently hi 


The balloons sometimes achieve situation where almost 
higher altitudes. One in Wash tion is needed. The ear in 
n ¢climbed 22.000 meters. The connection with the sense 
n of the wind, whether polar or not now considered of gre 
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DY fivers are 2 


; 


r altitude reac 


stricted. B. restricted to 15.000 feet 
; ( restricted to 8.000 feet The 
of consciousness Without oxvger s 
25,000 feet and with oxvgen at 
ly supplied the lim OT Ititud 
een 40.000 and 45.000 feet 
As ships put into good harbors 
tie will surely be drawn to cities witl 
l-designed airports, aeronautie ex 
erts believe When aviators reach At 
nta they find on the top of one of the 
tallest buildings great letters spelling 


\tlanta’’ and an 


iv to the municipa 
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The United States 1s following Grier 


many, France and K 
ind improving muni 


ng fields. For the 


LINDBERGH attrib 
ping on his out! 
nsatlantie flight te 


mpass with which 


wrote: 
of the fact that 
avigator and wit! 
eal director was m\ 


ss. I also had a 
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it it was the induc 


u iided me SO fait 





equipped Regardin 
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ngland in acquiring 
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purpose ot po rteet 


THE EARTH INDUCTOR COMPASS 


ited S SUCCESS 
ined course it S 


» the earth induet 


S monoplane Wis 
@” this Instrument 
] ‘ 


ave made a wrt 
l sailed without 


out the ordinary 


stock of navigation instruments, but my) 


eart inductor eom 
magnetic Compass ; 


‘TO! compass W ¢ 


hfully that I hit 











PROGRESS OF 


sf 











()) 


e eal ctor compass is based 
pon 1 I electromagnet naue l 
In 1831 M el Farad liscovered that 
whi n eleetrie conductor is moved 
(1 Ss 1 nagneti neid j eurrent Ss 
venerated in that condueton In the eas 
if this con ss the eleetrie conduct 
consists ngular armature w 
s di n | vindmill: and t mag 
netie lines ree T t ar cut rt 
those ¢ the earth fiel The eleety 
motive foree generated by an armature 
depends upon the position of the brushes 
on the commutator in relation to the d 
rection of the magnetic field In ge 
eral if the line joining the two brushes 
s perpendicular to the magnetie lines ¢ 
Loree tie maximum potenti l is ob 
tained ; when they are parallel the pot 
tial is zero. The working of the compass 
hinges upon s fact. The potential di 
pends upon the angular relation betweer 
the brushes and the direction of th 
earth's field | t is, the output of the 
generator 1s a tunetion of the angle be 
tween the position of the brushes and 
maenetie Nort The ‘‘indieato1 ol 
compass hand”’ is simply e needle o 
1 sens Vi vaivanometel The pos ol 
of which indieates the relative amount o 
electromotive foree generated. A device 
mounted on the instrument board termed 


the ‘eontroller’’ S connected TO The 


: > ‘ 
a casing Rotation 


brushes by a shaft in 


of the controller causes a corresponding 
rotation of the brushes of the generato1 
Dials upon the face of the controlle 
show the angle t rough whieh the brushes 
have been oriented in relation to the ai 
plan 

The usual method of steering by this 


LANGLEY’S A 
Tue first Langlev’s 


experiments with his aerodrome was 


announcement ol 


made thirty-one vears ago in the follow 
Ing communications: 
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5360 degrees 
venerator outpu 


eause a deflection 


less | al 


irom Coul 


si 


two outstanding adv; 


‘ 
ie 
i 


ordinary magic 


venerator 1S mounted in the reat 


rom thie 


magnetic 


no effect on the defleet Ol 


calvanometer needle 


automatically a 


Tie Zero point I l 


sprins 


atively unsusceptible 


The? disturbances 


The 


W ( el 


| 
ana ¢ 


prevent prope r tuneth 


ordinary magnetic compass 
Dr. Paul R. Heyl and Dr. Brig 


the Bureau of Standards. const: 
the first working model in 1920 
extensive tests by the Army Air ¢ 
further improvements were ma 
the instrument is withstood 
eritieal tests to while if iS hee) 
jected It was Then turned over 1 
strument makers for commere 
duction 
ERODROME 

mies (‘*E ts \ 

ind e Inte \W } ft W 

ude furt eX] ts t t 
plication these isions, in the 
tion of an a me or flying 1 
seale sufficient to a t of the employment 
stea engi twee i tw 
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THE GUGGENHEIM SCHOOL OF AERONAUTICS OF NEW YORK 
UNIVERSITY 
(ROUND was broken on October 22. The new building of the Dan 
1925, at University Heights in New York genheim School of Aeronautics, 1 
City, for the Guggenheim Sehool o struction of which began in the 
Aeronauties of New York Universit 1925, was formally opened on Ju 
The building which had long been a_ this year. A large gathering ot 
dream in the minds of the university au- nent men identified with the av 
thorities came about through the get dustry and the government inspect 
erosity of Daniel Guggenheim who, in building from cellar to roof. M1 


making his offer and presenting his check Guggenheim spoke to the visitors an 


1) 


for $500,000 to Chaneellor Elmer Ells Honorable William P. MaeCracke 


worth Brown, was actuated by a desi sistant secretary Ot commerce, cart 

‘‘more quickly to realize for humanity good wishes of the government 

the ultimate possibilities of aerial navi officials of the school and universit 
| 


gation’’ and ** to give Ameriea the place In 1921 the growing importa 
in the air to whieh her inventive genius aviation led to an investigation 
entitles her.”’ possibilities by the department 
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vineering 1 mivers } 1} , 
sult 1 if eourse oO lee res vie in? 110 ‘ 
ities Was given to senior stu oa» feet w : 
ng the academic vear oO 1921] ni ! ! 14 ! 
success OL Thest lectures led to arivel via 300 hors 
poration Ot courses Ih aero ‘ ‘reate a wale fore fF 100 
engineering as a senlor option hour This 
ntroductory course in aerody t results wi 
d airplane design in the junio east fivine ec 
The first class was graduated nL sillbeits 
z e buil O . 
To place vnc! mautieal Work Oo 
rimm vith stor 
rsitv on a permanent looting 
, ur ! 
sory committee Tormulated plans 
: : i eAMDUS ! ‘ 
rmanent endowment w ¢ thre 
. , l hie ) ne ? ! 
sitv and far-sightedness of Mh 
: } " Hora } \ | ? ’ 
) | Guggenheim quickly made pos 
hy sted be 
. } } y } 0 ’ ) " 
new buildine which is located on ne aero] 
sout sick ot the HO-aere campus of} Vinere moc ! 
. ’ ? 1) 41? 
versity at University Heights, the Cw ul 
} n New York City, contains one built; a large drafting 
largest wind tunnels in the world tory for testing ae} ng 
tests will be held involving mod neronal 
rplanes and other aerial dvnamiec seul SS 1 Sal \ 
> 
R Ires tf ’ lt () 
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GUGGENHEIM ScHOOL OF AI 
Training Corps also has their headquar Alexander Klemin, professor 
ters in the building nautical engineering, is in direct 


Charles H. Snow is the dean of the of the work in the new Schoo 
College of Engineering and Professor nauties. 











